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I.  INTRODUCTION 


BACKGROUND 

Development  of  the  technology  for  containment  and  removal 
of  spilled  oils  has  been  generously  supported  by  the  government 
and  private  industry  during  the  last  decade.  Following  the  Santa 
Barbara  oil  spill  in  1969,  government  and  industry  have  devoted 
increased  efforts  towards  safeguarding  against  oil  spills, and 
towards  methods  for  rapid  oil  spill  cleanup  should  those  safe¬ 
guards  fail.  For  example,  most  oil  companies  have  formed  and 
joined  cooperatives  to  respond  to  oil  spills  in  U.S.  harbors. 

As  a  result,  oil  spill  cleanup  cooperatives  and  increasingly 
specialized  contractors  now  have  access  to  a  variety  of  innova¬ 
tive  containment  booms,  skimmers,  and  other  recovery  equipment. 

The  availability  of  improved  hardware  has  enabled  more  rapid  con¬ 
tainment  and  improved  efficiency  in  oil  recovery  operations. 

Another  factor  in  the  improvement  of  oil  spill  response 
efficiency  has  been  the  development  and  implementation  of  regional 
contingency  plans,  mandated  by  the  national  Oil  and  Hazardous 
Substances  Pollution  Contingency  Plan  (40  C.F.R.  1510).  By 
specifying  emergency  procedures  and  the  disposition  of  available 
manpower  and  equipment,  these  plans  have  resulted  in  stepped-up 
response  times  and  coordinated  approaches  to  large-scale  contain¬ 
ment  and  recovery  operations. 

In  addition  to  these  planning  efforts,  the  U.S.  Coast  Guard 
(USCG)  and  the  U.S.  Environmental  Protection  Agency  (EPA)  have 
and  are  investigating  new  technologies  for  recovering  spilled 
oils  and  other  floating  chemicals  or  substances. 

Congress  has  recently  directed  appropriate  federal  agencies 
to  develop  suitable  methods  for  hazardous  and  toxic  material 
management  (Toxic  Substances  Control  Act, Public  Law  94-469;and 
the  Resource  Conservation  and  Recovery  Act,  Public  Law  94-580). 
Since  many  hazardous  chemicals  are  shipped  by  water  carrier,  the 
Coast  Guard  must  be  prepared  to  properly  clean  up  the  inevitable 
spills  that  occur  during  transport  of  these  material s, and  to 
effectively  dispose  of  the  material  and  associated  debris  col¬ 
lected  along  with  the  spilled  material  itself.  (Recovered 
spilled  components,  including  water,  and  associated  solid 
materials  are  referred  to  as  "spill  cleanup  debris,"  or  simply 
"spill  debris,"  throughout  this  report). 


Many  of  these  hazardous  materials  are  soluble  when  spilled 
and  readily  dispersed  in  the  water  column,  making  recovery  efforts 
extremely  difficult.  Other  di ff i cul t - to -recover  pollutants 
include  sinkables  and  vapors  emitted  from  the  exposed  surfaces 
of  spilled  material.  While  the  state  of  the  art  of  recovery 
equipment  for  these  types  of  materials  is  less  advanced  than  for 
oil  and  other  floating  chemicals,  there  are  some  devices  and 
methods  which  have  been  used  with  success  to  recover  certain 
hazardous  non-f 1 oatabl es  .  One  example  is  the  carbon  filtration 
trailer  developed  by  EPA,  Edison,  New  Jersey. 

As  containment  and  recovery  technologies  are  improved,  the 
capability  for  handling  greater  amounts  and  broader  varieties  of 
spill  debris  in  a  given  spill  event  becomes  apparent.  The  result 
will  be  increased  need  for  methodologies  addressed  to  proper 
handling  and  disposal  hardware,  with  special  emphasis  directed 
toward  minimizing  the  adverse  impacts  upon  the  environment  and 
publ ic  hea 1 th  . 

In  the  past,  efforts  to  clean  up  oil  and  hazardous  material 
spills  have  not  been  completely  systematic.  In  particular,  the 
crucial  step  of  ultimate  disposal  for  the  recovered  material  has 
been  given  low  priority.  Spill  debris  is  often  collected  and 
stockpiled  (often  improperly)  before  serious  efforts  are  under¬ 
taken  to  identify  disposal  alternatives  or  to  select  disposal 
methods.  For  example,  debris  collected  following  the  M/T  Pennant 
spill  in  Narragansett  Bay,  Rhode  Island  (1973),  was  stockpiled  in 
a  parking  lot  for  almost  one  year  before  a  land  disposal  site 
was  secured.  While  more  sophisticated  cleanup  methods  are  pre¬ 
sently  employed,  there  has  been  little  or  no  attention  devoted 
to  the  ultimate  disposal  of  spill  debris. 

In  many  instances,  debris  disposal  sites  or  techniques  have 
been  selected  in  the  rush  of  the  moment.  There  is  generally 
insufficient  time  to  evaluate  the  suitability  of  alternative 
disposal  options  in  the  area, and  to  choose  the  one  that  offers 
the  best  conditions  for  environmental  protection.  Furthermore, 
most  localities  do  not  now  have  qualified  personnel  available  who 
have  sufficient  knowledge  of  the  particular  factors  that  must 
be  considered  when  selecting  a  disposal  method  or  site  for  oil 
or  hazardous  chemicals.  All  too  of ten, combusti bl e  debris  is 
improperly  burned  in  the  open,  creating  smoke  and  odors.  Health 
problems  could  result  from  such  practices  if  spill  debris  con¬ 
tain  hazardous  substances.  In  the  long  term,  if  not  disposed  of 
properly,  the  spill  debris  itself,  or  its  residue  after  processing, 
could  conceivably  be  a  source  of  environmental  damage  equal  to 
that  caused  by  the  original  spill. 

To  ensure  that  env i ronmen ta 1 1 y  acceptable  methods  are 
applied  to  all  debris  disposal  situations,  the  methods  must  be 
readily  impl ementab 1 e  and  understood  by  all  persons  responsible 
for  disposal.  Ideally,  government  and  industry  officials  in 


areas  where  spills  have  occurred,  and/or  could  be  expected  to  occur, 
should  predetermine  which  disposal  methods  or  sites  are  best 
suited  for  each  specific  spill  debris  type.  A  contingency  dis¬ 
posal  action  plan  could  then  be  followed  which  would  allow 
for  deliberate,  rational  decisions. 

To  date,  however,  ideal  conditions  have  not  been  encountered. 
Local  and  regional  spill  cleanup  plans  have  completely  omitted 
or  inadequately  addressed  debris  disposal  procedures. 

In  many  past  cases,  the  disposal  problems  have  been  diffi¬ 
cult, and  solutions  occasionally  less  than  satisfactory.  For 
example,  some  of  the  problems  associated  with  proper  handling 
and  disposal  include: 

•  Solid  materials  present  in  the  spill  debris  (e.g., 
sand,  aquatic  plants,  sorbents)  can  clog  pumps;  larger 
solids  can  require  special  or  manual  handling  procedures. 

•  Insufficient  and/or  inadequate  equi pment  for  transferring 
spill  debris  from  primary  recovery  devices  to  transporta¬ 
tion  vessels  or  vehicles. 

•  Inadequate  temporary  storage  facilities  for  oily  or 
hazardous  chemicals  and  associated  debris. 

•  Excessive  transport  distances  or  unavailability  of  ade¬ 
quate  transport  to  haul  debris  from  recovery  sites  to 
disposal  site. 

•  Disposal  of  spilled  oils  which  could  be  rerefined  or 
otherwise  treated  to  reduce  the  volume  or  neutralize 
any  toxic  effects. 

•  Inadequate  control  of  debris-burning  techniques  and 
resulting  objectionable  emissions. 

•  Improper  ultimate  disposal  methods  for  debris  resulting 
in  adverse  impacts  on  surrounding  land,  water  and  air 
resources,  and  discontent  among  the  local  populace. 

To  date,  the  most  common  disposal  solutions  for  recovered 
oil  spill  debris  have  been  open  burning  near  the  recovery  site, 
burial,  landfilling  with  refuse,  land  cultivation,  reprocessing, 
or  incineration  at  a  remote  site.  Some  debris  has  been  used 
e.g.,  oily  sand  has  been  incorporated  in  rosebeds).  Other  tech¬ 
niques,  including  innovative  methods  for  treatment  and  dis¬ 
posal  (including  chemical  treatment,  biodegradation,  and  con¬ 
trolled  incineration),  must  be  investigated  to  provide  the  Coast 
Guard  with  additional  disposal  options. 
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PROJECT  OBJECTIVES 


It  is  the  intent  of  this  U.S.  Coast  Guard-sponsored  study 
to  evaluate  the  engineering  constraints  and  equipment  require¬ 
ments  for  handling  and  disposing  of  spilled  oil  and  hazardous 
substances, associated  solid  material,  and  contaminated  water 
recovered  from  spills  in  U.S.  waters.  All  debris  management 
facets  are  to  be  considered,  including  storage,  transport,  treat¬ 
ment,  reprocessing,  and  disposal,  as  depicted  in  Figure  1. 

Disposal  hardware  and  processing  systems  are  to  be  speci¬ 
fically  identified  and  used  to  develop  conceptual  plans  for  trans 
port/disposal  options.  The  systems  must  address  spills  involving 
the  chemicals  listed  in  the  Coast  Guard  CHRIS  manuals  (CG-466). 

APPROACH 

To  accomplish  these  objectives,  this  project  was  conducted 
in  a  series  of  work  tasks: 

Task  _ Description _ 

I  Describe  Spi 1 1 /Disposal  Scenarios 

II  Identify  and  Characterize  Disposal  Hard¬ 

ware  Systems  for  Oils 

III  Identify  and  Characterize  Disposal  Hard¬ 

ware  Systems  for  Oils  and  Other  Floating 
Chemical s 

IV  Recommend  Final  Disposal  Hardware  Systems 

V  Prepare  System  Management  Development 

Plans 

VI  Describe  Disposal  Techniques  for  Hazardous 

Chemical s 

Specific  objectives  and  corresponding  approaches  for  each  of 
these  tasks  are  defined  in  terms  of  the  overall  project  objec¬ 
tives. 

Task  I 

The  primary  objectives  of  Task  I  are  to  1)  define  the 
range  of  environmental  conditions  and  spill  debris  characteris¬ 
tics  which  could  be  encountered  during  debris  transportation  and 
disposal  operations;  and  2)  to  combine  the  environmental  and 
debris  data  into  a  cross-tabulation  or  matrix  of  all  possible 
situations  (called  "debris  disposal  scenarios")  for  which  dis¬ 
posal  hardware  systems  or  techniques  will  be  designated. 
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STEP  EVALUATIONS  FOR  DERIVING  EQUIPMENT  SYSTEM  ALTERNATIVES  FOR  EACH  SCENARIO 


The  scenarios  of  the  Task  I  report  are  to  indicate  the 
range  of  offshore  and  onshore  debris  transportation  disposal 
problems  to  be  solved.  The  debris  disposal  scenarios  are  cross- 
referenced  during  subsequent  tasks  with  specific  disposal  hard¬ 
ware  systems  to  generate  an  overall  debris  disposal  vs.  applica¬ 
ble  equipment  matrix,  as  indicated  schematically  on  Figure  2. 

The  debris  disposal  scenario  matrix  presented  here  therefore 
provides  a  rational  framework  for  the  development  and  classi¬ 
fication  of  hardware  system  concepts  in  Tasks  II  and  III.  The 
preliminary  hardware  information  collected  and  categorized  dur¬ 
ing  Task  I  also  provides  a  basis  for  work  in  Tasks  II,  III,  and 
IV. 


Task  I  also  includes  preliminary  investigations  and  com¬ 
pilation  of  data  concerning  the  hardware  presently  used  for 
debris  disposal  operations, or  that  may  be  applied. 

Data  used  in  development  of  the  tabulations  and  matrices 
was  derived  from  interviews  with  knowledgeable  persons  from 
industry  and  government, and  from  literature  reviews,  as  sum¬ 
marized  below: 


Private  section  contacts/interviews 
Government  contacts/interviews 
Literature  sou rces/ rev i ewed 

Also,  numerous  equipment  manufacturers  and  suppliers  were  con¬ 
tacted  for  information. 

Tasks  II  and  III 


Tasks  II  and  III  identify  and  describe  hardware  systems  for 
33  oils  and  167  oils  and  floating  chemicals,  respectively,  as 
described  in  the  U.S.  Coast  Guard  CHRIS  manuals.  The  objectives 
of  Tasks  II  and  III  are  i denti cal,  except  that  one  specifically 
addresses  oils  and  the  other  addresses  "oils  and  floating 
chemical s . " 

Figure  3  shows  the  overall  process  used  during  Tasks  II  and 
III  for  deriving  disposal  hardware  systems  for  the  various  types 
of  spill  mass.  Scenarios  are  defined  based  on  expected  char¬ 
acteristics  of  spilled  material,  environmental  conditions,  and 
types  of  debris  associated  with  the  spill  mass.  State-of-the- 
art  information  on  spill  mass  disposal,  existing  disposal  systems 
and  subsystems,  and  individual  equipment  units  is  inventoried. 

As  a  result  of  this  work,  a  series  of  complete  hardware 
systems  comprised  of  individual  units  have  been  identified.  Where 
acceptable,  complete,  and  well-defined  disposal  systems  exist 
and  are  presently  in  use,  they  are  described  in  general  terms, 
e.g.,  process  steps.  Otherwise,  commercially  manufactured  sys¬ 
tems  that  can  be  adapted  for  use  are  described.  Where  appropriate 


equipment  is  not  available,  specific  recommendations  are  made  for 
research  and  development. 

Task  IV 


Task  IV  includes  further  evaluations  of  the  systems  identi¬ 
fied  during  Tasks  II  and  III,  based  upon  developed  criteria.  The 
one  disposal  system  that  most  closely  meets  the  criteria  is 
selected  for  each  scenario  and  recommended  for  procurement  and/or 
further  development. 

Task  V 


The  development  plans  derived  during  Task  V  are  designed  to 
facilitate  Coast  Guard  development  and  procurement  of  equipment 
systems  selected  in  Task  IV.  They  provide  preliminary  recommen¬ 
dations  as  to  how  these  equipment  elements  should  be  coordinated 
and  packaged  to  provide  complete  and  flexible  debris  handling 
and  disposal  systems.  The  plans  include  background,  specifications 
and  guidelines  for  equipment  con s i derat i on, and  system  design. 

The  plans  also  provide  summaries  of  each  system's  function, 
capabilities,  compatibility  with  Coast  Guard  facilities  and  other 
technical  considerations.  A  system  development  timetable  and 
estimated  development  cost  are  derived,  based  on  estimated  present 
state  of  development  of  individual  equipment  and  modification 
requirements  for  making  equipment  elements  compatible. 

Task  VI 


The  objective  of  Task  VI  is  to  identify  alternative  tech¬ 
niques  for  disposal  of  hazardous  chemi ca 1 s, and  to  recommend 
those  methods  best  suited  to  Coast  Guard  needs. 

The  approach  to  this  task  parallels  the  steps  taken  to 
define  final  disposal  systems  for  oils  and  floating  chemicals 
during  the  preceding  tasks.  Special  storage,  handling  and  dis¬ 
posal  considerations  are  given  to  the  hazardous  nature  of  the 
900  chemicals  listed  in  the  Coast  Guard  CHRIS  Manuals. 

SYSTEM  COSTING  METHODS 

All  disposal  system  costs  are  based  upon  individual  costs 
for  critical  equipment  elements  and  10  percent  of  the  total  capi¬ 
tal  cost  as  a  contingency  for  supportive  hardware  (e . g  .  ,  hoses, 
electrical  connections,  plumbing). 

The  capital  cost  for  each  equipment  item  was  provided  by 
manufacturers  or  retailers  in  terms  of  1978  dollars, and  was  based 
on  F.O.B.  at  the  respective  manufacturer  location.  Annual 
operation  and  maintenance  costs,  salvage  values,  and  equipment 
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lifetime  were  either  provided  by  the  manufacturer  or  estimated 
based  on  information  for  similar  equipment.  Estimates  of  opera¬ 
tion  and  maintenance  (O&M)  costs  include  supplies,  fuel,  and 
power  requi rements,  but  do  not  include  labor,  except  for  clean-up 
of  storage  and  handling  equipment.  Where  estimated  separately, 
fuel  consumption  is  based  on  five  incidents  per  year  requiring  4 
days  (94  hr)  of  system  operation.  All  other  O&M  cost  estimates, 
as  provided  by  equipment  sources,  are  based  on  continuous  usage. 

The  total  life  cycle  cost  for  each  disposal  system  is  cal¬ 
culated  as  follows: 

LCC  =  [TCC-SV20]  +  [RCC5-RSV5]  +  [RCCt q-RSV] 0] 

+  [RCC15-RSV15]  +  [O&M  x  8.514] 

where 

LCC  =  life  cycle  cost 
TCC  =  total  capital  cost 

SV20  =  total  system  salvage  value  at  end  of  lifetime 
(20  yr) 

RCCn  =  recurring  capital  costs  at  the  year  n 
RSVn  =  recurring  salvage  values  at  the  year  n 
O&M  =  annual  operational  and  maintenance  costs 

(O&M  x  8.514  =  Total  Annual  Cost  corrected  to 
present  value) 

For  simplicity  and  purposes  of  comparison,  the  following  assump¬ 
tions  are  employed: 

•  All  systems  are  to  be  maintained  for  20  yr  (longest 
lifetime  reported  for  critical  equipment  elements). 

•  All  other  equipment  not  lasting  20  yr  must  be  replaced 
at  the  end  of  its  lifetime  for  a  recurring  capital  cost 
and  associated  salvage  value. 

•  All  costs,  including  annual  O&M  costs,  are  expressed  as 
equivalent  (1978)  values  to  be  summed  and  expressed  as 
the  life  cycle  cost.  This  is  accomplished  by  multiplying 
the  annual  O&M  costs  by  the  appropriate  10  percent  com¬ 
pound  interest  factor  calculated  as  follows: 

1978  value  =  (annual  O&M  costs)  C(l+i)n-l] 


[  i  ( 1  +  i )  n  ] 

where 

i  =  10 %/yr 
n  =  20  yr 

hence,  1978  value  =  (annual  0&M  costs)  (8.514) 


Total  annual  cost  for  each  disposal  system  is  equivalent 
to  the  annual  operational  and  maintenance  costs  corrected  to 
present  value  based  on  10  percent  interest  factor  over  20  yr. 

All  costs  cited  herein  were  provided  by  manufacturers  or 
retailers  once  they  were  advised  of  the  goals  and  purposes  of 
this  study.  Prices  were  provided  for  system  comparison  pur¬ 
poses  only,  and  do  not  in  any  way  bind  the  manufacturers  to 
provide  the  cited  equipment  at  the  costs  given  in  this  report. 


II.  SPILL  AND  DEBRIS  DISPOSAL  SCENARIOS 


The  primary  objective  of  this  section  is  to  define  a  limited 
number  of  concise  scenarios  for  which  disposal  hardware  systems 
will  be  designated.  These  scenarios  represent  combinations  of 
environmental  conditions  (weather  and  air  temperature),  spilled 
components  (oils  or  chemicals),  and  debris  characteristics. 

ENVIRONMENTAL  CONDITIONS 

Figure  4  provides  a  description  of  the  resulting  twenty-four 
scenarios  considered  in  this  report.  The  primary  environmental 
descriptors,  weather  conditions  and  air  tempe ra tu re ,  were  found 
to  be  the  most  significant  in  determining  the  characteristics  and 
quantity  of  recovered  spill  mass.  Other  more  specific  descriptors, 
such  as  wind,  precipitation,  and  sea  state,  may  have  provided  more 
scenario  detail;  yet  their  inclusion  would  have  greatly  increased 
the  number  of  permutations  and  resultant  scenarios.  In  addition, 
most  of  these  descriptors  were  found  to  be  at  least  partially 
dependent  upon  overall  weather  conditions  (e.g.,  calm  versus 
stormy ) . 

In  order  to  emphasize  "worst-case"  and  "mos t- typi ca 1 "  situa¬ 
tions,  calm  weather  was  grouped  with  warm  air  temperature  and 
stormy  weather  was  grouped  with  cold  air  temperature  (less  than 
0°C)  . 


Although  air  and  water  temperature  are  both  important  para¬ 
meters  in  describing  the  environmental  conditions  for  oil  spill 
containment  and  recovery  activities,  only  air  temperature  is 
necessary  for  spi 1 1 / di sposa 1  scenarios.  Since  it  is  assumed  that 
the  functions  of  the  disposal  hardware  systems  commence  at  the 
points  of  discharge  for  the  recovery  devices  (see  Figure  1),  water 
temperature  should  not  significantly  affect  subsequent  handling  or 
disposal  methods.  Air  temperature,  on  the  other  hand,  directly 
influences  the  vapor  pressure  of  the  oil  or  chemical  portion  of 
the  spill  debris.  Increased  amounts  of  vapors  emanating  from 
warmed  volatile  or  toxic  materials  may  result  in  an  immediate 
explosion  or  health  hazard,  or  could  affect  pump  efficiency. 
Handling  of  such  materials  in  a  warm  environment  may  require  spe¬ 
cial  containers,  transfer  equipment,  or  other  hardware  to  bring 
them  safely  to  the  disposal  or  recovery  site. 
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Oils/A-2 


Oils  and  Float¬ 
ing  Chom./A-3 


Hazardous 

Chemicals/A-4 


Debris 

Materials 


twj.  . 


No  Debris 

(Dispersed  in  Water) 
(may  be  stored  or 
transferred  as  a 
fluid) 


C-W 


S-C 


Oils/A-2 


C-W 


Sd£. 


Oils  and  Float¬ 
ing  Chenn/A-3 


UL 


S-C 


Hazardous 

Chemicals/A-4 


Heavy  Sludge 
Soils,  Sand,  Sediments 
Inorganic  Sorbents 
(small  amts,  lifted  by 
1  man) 


C-W 


S-C 


Oils/A-2 


C-W 


S-C 


Oils  and  Float¬ 
ing  Chem./A-3 


C-W 


S-C 


Hazardous 

Chemicals/A-4 


Seaweed 
flotsam 
Storm  debris 
Organic  Sorbents 
(small  amts,  lifted  by 
1  man) 


C-W 


S-C 


Oils/A-2 


C-W 


S-C 


Oils  and  Float¬ 
ing  Chem./A-3 


C-W 


S-C 


Hazardous 

Chemicals/A-4 


primarily  large,  Soaked 
Solids  (pieces  of  dock, 
vessels,  trees,  etc.  - 
requires  special  mac¬ 
hinery  for  lifting) 


*C-W?  calm  and  warm  (>0°C^ 
S-C*  stormy  and  cold  (<0  C) 


Figure  4.  Spill  scenario  matrix. 


Precipitation,  as  represented  by  "stormy"  conditions,  will 
affect  many  types  of  debris  disposal  activities,  particularly 
incineration  and  some  land  disposal  methods.  Precipitation 
reduces  visibility,  a  possible  hindrance  to  safe  transfer  of 
debris  from  sea  to  shore.  The  potential  for  using  aircraft  to 
transport  disposal  hardware  system  components  is  reduced.  A’so, 
roads  may  become  impassible  during  heavy  rains.  Spills  often 
occur  during  (and  because  of)  inclement  weather,  so  debris  manage¬ 
ment  technology  must  be  designed  to  operate  under  such  conditions. 

The  scope  of  the  debris  handling  considerations  for  this  pro¬ 
ject  assumes  that  the  fluids  and/or  solid  materials  have  been  col¬ 
lected  into  some  type  of  identifiable  volume  by  primary  recovery 
efforts  (Figure  1).  Therefore,  the  location  of  the  spill  occur¬ 
rence  is  of  secondary  importance  in  determining  the  type  or  quan¬ 
tity  of  solid  debris,  and  of  the  degree  of  emulsification  encoun¬ 
tered  in  fluids  during  the  handling/disposal  operations.  A  more 
important  factor  in  equipment  selection  is  the  type  of  shoreline 
where  initial  debris  handl i ng/ transfer  operations  are  conducted. 
For  example,  access  to  municipal  beaches  in  the  vicinity  of  paved 
highways  may  be  gained  by  a  variety  of  vehicles  and  equipment  not 
readily  brought  into  remote  shoreline  areas.  While  the  location 
factor  is  not  directly  represented  by  the  various  scenarios  shown 
in  Figure  4,  it  did  represent  an  important  criterion  in  system 
development  and  final  system  selection  as  described  in  Section  V. 

SPILLED  COMPONENT 

The  oil,  hazardous  chemical,  or  mixture  which  was  originally 
discharged  during  the  spill  incident  usually  has  some  potential 
for  adverse  environmental  or  health  impacts,  and  is  therefore  the 
subject  of  the  con ta i nmen t/ recovery  operations.  It  is  assumed 
that  all  water  and  solids  collected  during  spill  recovery  opera¬ 
tions,  and  subsequently  routed  to  the  debris  disposal  system,  con¬ 
tain  at  least  traces  of  the  spilled  substance. 

After  spilling  into  the  environment,  the  oil  or  hazardous 
substance  may  undergo  significant  alteration  prior  to  recovery 
and  transport.  Weathering  of  oils,  for  instance,  results  in  the 
escape  of  lighter  molecular  weight  (more  volatile)  fractions  into 
the  atmosphere.  In  the  open  ocean,  heavier  oils  may  agglomerate 
and,  if  heavier  than  water,  sink  away  from  the  spill  mass.  Bio¬ 
logical  and  photochemical  degradation  of  oils  and  chemicals  can 
also  change  the  composition  and  density  of  the  original  spilled 
components  . 

Prior  to  recovery,  the  spilled  component  may  also  become 
associated  with  water  or  any  solids  present  at  the  spill  site. 

Emu  1 s i f i ca t i on  or  dissolution  of  oils  and  chemicals  into  water 
has  already  been  described.  The  spilled  materials  may  also  adsorb 
onto  solid  materials,  such  as  wood  or  aquatic  plants,  resulting 
in  a  complex  spill  debris  mixture. 
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In  terms  of  spill  debris  management,  the  spilled  component 
may  impart  certain  physical  or  chemical  characteristics  to  the 
debris  which  will  significantly  control  the  spill  disposal  system 
design.  Physical  characteristics  include  density,  viscosity  and 
volatility,  as  well  as  surface  tension  at  the  hydrocarbon/water 
interface;  chemical  characteristics  include  flammability,  corro¬ 
siveness  and  solubility.  For  example,  special  equipment  may  be 
required  to  handle  corrosive  chemicals  recovered  from  spills. 

The  spilled  component  may  also  demonstrate  toxicological  or  etio¬ 
logical  characteristics  which  would  make  it  dangerous  for  cleanup- 
disposal  personnel  to  handle,  store,  or  dispose  of  by  conventional 
means  . 

Figure  5  shows  how  the  spill  mass  characteristics  have  been 
defined  by  spilled  component,  debris  materials,  and  environmental 
conditions.  Three  categories  define  the  spilled  component: 

1.  Oils 

2.  Oils  and  floating  chemicals 

3.  Hazardous  chemicals. 

Specific  groups  of  oils  and/or  chemicals  included  in  each  of 
these  categories  are  listed  in  Appendices  A,  B,  and  C.  By  defin¬ 
ing  the  spilled  component  in  this  manner,  the  spill  debris  sce¬ 
narios  are  allocated  to  Tasks  II,  III  and  VI  as  follows: 


Category 

Report 

Section 

Applicable  Scenarios 
( See  Figure  4  ) 

Oils 

III 

A,  B,  G,  H, 

M,  N,  S, 

Oils  and 
chemical s 

f  1  oati ng 

IV 

C,  D,  I,  J, 

0,  P,  U, 

Hazardous 

chemicals 

VII 

E,  F,  K,  L, 

Q,  R,  W, 

Oils 

T 

V 

X 


Appendix  A  defined  five  groups  for  the  33  oils  described  in 
the  CHRIS  Manual  (59).  Divisions  between  groups  are  based  on 
density,  viscosity,  volatility,  combustibility,  and  toxicity. 

OP-4  is  the  most  flammable  and  hazardous  of  the  1 ow-vi scosi ty 
oils.  Aromatic  coal-tar  is  the  most  hazardous  of  the  high-visco¬ 
sity  materials.  Both  of  these  unique  oils  were  allocated  to  sep- 
erate  groups  (Groups  IV  and  V),  based  on  their  hazardous  and 
flammable  nature.  The  other  three  groups  include: 


•  Group  I:  remaining  jet  fuels,  light  fuel  oils,  and  kero- 


Figure  5.  Factors  influencing  the  volume  and  properties  of  spill  debris. 


•  Group  II:  mid-density,  high  flash  point  oils  including 
the  heavier  fuel  oils  and  lubricating  oils 

«  Group  III:  high-viscos i ty  materials  including  heavy 
crudes,  and  Nos.  4,  5,  and  6  fuel  oils. 

Oils  and  Flo atinq  Chemicals 

Appendix  B  defines  six  groups  for  167  oils  and  floating  chem 
icals  (Table  1).  In  this  case,  materials  are  divided  according 
to  solubility  in  water  (above  or  below  0.01  lb/100  lb  of  water  at 
60°  to  70°F),  volatility,  toxicity,  and  the  tendency  to  solidify 
at  low  temperature. 

Solubility  was  determined  to  be  an  important  factor  in  ascer 
taining  the  need  for  further  treatment  of  water  previously  in  con 
tact  with  the  spilled  component.  Volatility  and  toxicity  are  key 
considerations  for  selecting  disposal  equipment  which  protects 
personnel  from  exposure  or  explosion.  The  tendency  to  solidify 
at  low  temperatures  is  also  an  important  criterion  for  disposal 
system  selection  in  those  scenarios  in  which  air  temperatures  are 
less  than  0°C . 

Hazar dous  Chemicals 

Categorization  of  compounds  on  the  list  of  hazardous  chemi¬ 
cals  (Appendix  C)  is  based  on  physical  parameters  relevant  to 
behavior  in  the  aquatic  environment  and  the  toxic  consequences  to 
humans  exposed  to  these  by  skin  contact  and/or  inhalation. 

Further  categorization  makes  use  of  flash  point  as  a  measure 
of  flammability  (often  correlated  with  volatility)  of  the  chemi¬ 
cal. 


Use  of  all  five  properties:  solubility,  volatility,  density, 
toxicity  and  causticity  would  theoretically  require  more  than 
seventeen  chemical  groups,  listed  in  Table  2 .  To  avoid  an 
riwieldy  number  of  groups,  certain  properties  are  combined.  For 
example,  caustic  sinkers  are  identified  as  a  group  containing 
only  caustic  toxic  sinkers,  while  in  other  groups  the  property, 
causticity,  is  noted  parenthetically. 

Nine  of  the  seventeen  hazardous  chemical  groups  are  misci- 
bles.  As  noted  in  Table  2,  miscible  substances  are  those  whose 
solubility  or  metric  solute/water  ratio,  taken  at  25*  +_  5°C 
greater  than  1  percent.  Alternatively,  the  chemical  may  react 
with  water  to  form  at  least  one  soluble  product.  Considerations 
of  temperature  and  salinity  were  not  included  in  determination 
of  miscibility. 
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TABLE  1.  DEFINITION  OF  SIX  GROUPS  OF  167  OILS 
AND  FLOATING  CHEMICALS 


IVF 

-  Insoluble  Volatile 
Floater: 

Solubility  below  0.01  lb/100  lb 
water  at  60  to  7 0 0 ^ . 

Volatility  indicated  as  a  poten¬ 
tial  fire/explosion  hazard  by 
the  CHRIS  data.  Flash  point 
below  100°F. 

INF 

-  Insoluble  Non-Volatile 
Floater: 

Solubility  below  0.01  lb/100  lb 
water  at  60  to  70°F. 

Compounds  are  usually  combust¬ 
ible,  but  not  dangerously 
volatile. 

SVF 

-  Soluble  Volatile 

Floater: 

Compound  exhibits  some  signifi¬ 
cant  solubility  in  the  water 
phase  which  may  require  further 
treatment  following  removal  of 
f 1 oatabl es . 

Flash  point  below  100°F.  Poten¬ 
tial  fire  or  explosion  hazard 
indicated  by  CHRIS  data. 

SNF 

-  Soluble  Non-Volatile 
Floater: 

Significant  solubility  in  the 
water  phase.  Compounds  are 
usually  combustible,  but  do  not 
represent  an  explosion  hazard 
under  normal  handling  conditions. 

H  - 

Toxic  Floater: 

(Compounds  included  in 
this  set  may  also  appear 
in  ether  sets) 

CHRIS  data  indicates  requirements 
for  special  handling  considera¬ 
tions  due  to  toxic  nature  of  the 
compound . 

LTSF 

-  Low  Temperature 
"Solid"  Floater: 

Oils  which  become  highly  viscous 
at  or  near  0°C. 

Polymeric  chemicals  v^hich  become 
brittle  at  or  near  0°C. 

Chemicals  with  freezing  points  at 
or  near  0°C. 

All  materials  in  this  group 
present  a  need  for  special  trans¬ 
fer  equipment  in  scenarios 
exhibiting  cold  air  temperatures. 
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TABLE  2.  DEFINITION  OF  17  GROUPS  OF  900  HAZARDOUS  CHEMICALS 


DEBRIS  CHARACTERISTICS 


The  debris  portion  of  the  spill  mass  is  described  by  four 
ca  tegor ies : 

•  Spilled  component  dispersed  in  water  -  no  solid  debris 

•  Spilled  debris  consisting  mainly  of  heavy  sludge,  soil, 
sand,  sediments,  or  inorganic  sorbents 

•  Spilled  component  mixed  with  large  amounts  of  organic 
solids  (seaweed,  storm  debris,  organic  sorbents) 

•  Spilled  debris  consisting  mainly  of  large,  soaked  solids 
(pieces  of  dock,  refrigerators,  vessels,  trees,  etc.). 

Solid  debris  may  be  the  major  constituent  of  the  spill  mass 
(such  as  o i 1  - i mpregna ted  straw)  or  a  minor  constituent  (such  as 
small  amounts  of  storm  debris  collected  along  with  fluids).  Sys¬ 
tems  are  presented  in  this  report  which  are  capable  of  dealing 
with  wide  variations  in  fluid  and  debris  contents  and  qualities: 

•  Small  Solids  -  Solid  material  mixed  with  the  spilled  com¬ 
ponent  to  an  extent  that  it  may  inhibit  transfer  by  con¬ 
ventional  means  applicable  to  the  spilled  component  alone. 
Examples  are  pine  needles,  small  sticks,  granular  sorbents, 
sediments,  sludges. 

•  Medium  Solids  -  Materials  rendering  the  spill  mass  incap¬ 
able  of  exhibiting  fluid  characteristics;  yet  easily 
handled  in  small  quantities  by  one  man.  Examples  include 
oil-soaked  straw,  seaweed,  sorbent  pads,  grasses,  etc. 

Grindable  or  Non-gr i ndabl e  :  Handling  of  medium 
solids  may  be  greatly  simplified  in  certain 
instances  by  on-site  grinding  or  mulching.  Grind- 
ables  would  include  flotsam  or  med i urn- s i zed  wood. 
Non-gri ndabl es  include  rocks,  metals,  etc. 

t  Large  Solids  -  Single  objects  requiring  powered  equipment 
for  removal^  i.e.,  cannot  be  handled  by  one  man.  Examples 
include  piling,  pieces  of  vessels,  large  trees,  logs,  etc. 

Small  and  medium  solids  are  typical  of  scenarios  G,  H,  I, 

J,  K,  L,  M,  N,  0,  P,  Q,  R;  and  larqe  solids  are  typical  of  scenar¬ 
ios  S,  T,  U,  V,  W,  X  (see  Figure  4). 

The  potential  for  combustion/biodegradation  of  certain  debris 
types  is  included  in  the  twenty  scenarios,  i.e.,  debris  consisting 
of  intermediate  sized  organic  solids  such  as  seaweed,  driftwood,  or 
organic  sorbents.  Spill  debris  defined  by  Scenarios  M,  N,  0,  P, 

Q,  R,  are  probably  more  amenable  to  combustion/biodegradation  as 
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a  disposal  method  than  are  debris  types  described  in  Scenarios 
6,  H,  I,  J,  K,  L;  or  S,  T,  U,  V,  W,  X.  Non-toxic  oils  or  other 
organic  floating  chemicals  dispersed  in  water  (Scenarios  A,  B,  C, 

D)  may  also  be  treated  using  biological  techniques.  The  debris 
materials  groups  listed  above  also  provide  an  opportunity  to 
exhibit  equipment  systems  which  must  cope  with  both  pumpable  and 
nonpumpable  debris.  In  Scenarios  A,  B,  C,  0,  E,  F,  no  solid  debris 
materials  are  present  and  the  debris  is  considered  to  be  fluid 
under  most  conditions.  In  cases  where  colder  temperatures  or 
component  viscosities  render  the  liquid  debris  unpumpable  by  con¬ 
ventional  means,  then  Scenarios  A,  B,  C,  0,  E,  F,  would  more 
closely  resemble  Scenarios  G,  H,  I,  J,  K,  L  where  the  debris  is 
likened  to  a  heavy  sludge. 

SPILL  MASS  VOLUME 


Spill  mass  volume  is  another  important  variable  to  be  con 
sidered.  In  most  circumstances,  relatively  simple  changes  in 
equipment  systems  or  the  addition  of  minor  equipment  will  make 


the  system  applicable  to  small, 
defined  below: 

Spills  Size 

Smal  1 

Medium 

Large 


medium,  or  large  spills,  as 
Vol ume 

<38,000  £  (10,000  gal  ) 

38,000  £  to  380,000  «  (100,000  gal) 
> 380 , 000  £ 


Each  disposal  system  is  discussed  in  terms  of  its  volume¬ 
handling  capacities;  the  relative  amounts  of  water  and/or  debris 
associated  with  the  originally  spilled  material  is  also  consid¬ 
ered.  Two  general  categories  of  spill  material /water  mixtures 
are  identified: 


•  Oil  or  chemicals  present  in  sufficient  amounts  to  be 
separated  from  the  water  by  gravimetric  means  (roughly 
more  than  100  ppm) 

•  Oil  or  chemicals  dissolved  or  as  a  colloid  in  water  in 
small  concentrations,  such  that  the  water  must  be  speci¬ 
ally  treated  prior  to  discharge  to  a  receiving  natural 
water  body. 

The  latter  condition  will  exist  when  the  material  is  an  emul¬ 
sion  with  the  water  or  is  dissolved  in  the  water.  Concentration 
of  spilled  material  is  usually  described  in  terms  of  ppm  of  mater¬ 
ial  in  the  water.  The  former  fluid  type  includes  oils  or  chemi¬ 
cals  contaminated  with  incindental  water. 
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Spills  of  hazardous  substances  discussed  in  Section  VII  are 
assumed  to  be  small  (e.g.,  <38,000  «).  Spill  mass  volume  is  a 
characteristic  which  is  best  considered  in  developing  the  equip¬ 
ment  systems  and  the  related  performance  criteria  in  Section  V 
of  this  report.  The  criteria  ranks  the  capability  of  the  particu¬ 
lar  system  to  respond  to  small  volumes,  large  volumes  or  both. 
Sufficient  equipment  system  types  are  described  or  devised  for 
such  a  ranking  within  each  of  the  twenty-four  scenarios. 

Practically  all  literature  and  interview  accounts  of  oil 
spill  incidents  and  spill  mass  scenarios  have  confirmed  the  valid¬ 
ity  of  the  twenty-four  scenarios  shown  in  Figure  4.  Two  approaches 
were  taken  to  compare  such  data  with  the  scenarios:  where  speci¬ 
fic  descriptions  of  recovered  spill  mass  characteristics,  hand¬ 
ling,  and  subsequent  disposal  was  not  available,  engineering 
expertise  was  used  to  suggest  (based  on  the  spilled  component, 
location,  and  other  factors)  the  most  probable  configuration;  in 
oil  spill  accounts  where  specific  spill  mass  descriptions  were 
available,  they  were  compared  directly  to  the  scenarios.  Table 

3  lists  the  twenty-four  scenarios  diagrammed  in  Figure  4.  Table 

4  briefly  describes  example  spill  events  applicable  to  some  of 
the  derived  scenarios. 


TABLE  3.  SCENARIO  DESCRIPTIONS 
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TABLE  4.  SPECIFIC  SPILL  EVENTS  TYPIFIED 
BY  THE  SPILL  DEBRIS  SCENARIOS 


Actual  Spill  Situation(s) 

Scenario 

Designation 

"...  A  crew  from  Burlington-Northern  railroad 
responded  to  the  spill  o.  the  evening  of 

November  26  and  constructed  a  straw  filter  fence 
about  150  ft  downstream  of  the  U.S.  87-89  bridge. 

The  (number  6)  fuel  oil  extinguished  itself  by  the 
time  it  reached  the  bridge."  -  Weather  was  calm, 
but  freezing  temperatures  were  present. 

N 

"Western  Environmental  Services  of  Portland,  Oregon 
(a  clean-up  contractor)  was  hired  on  November  27  to 
remove  the  (number  6)  oil  remaining  in  the  partially 
ruptured  tanker  cars..."  (freezing  temperatures). 

B 

"Oil  in  the  drainage  ditch  had  contaminated  the  soil 
requiring  the  soil  to  be  removed.  A  drag  line  with  a 
clam  shell  scooped  out  the  oily  dirt  and  placed  it 
in  dump  trucks  for  haul  to  the  landfill.  A  total 
of  243  truckloads  for  a  total  of  2000  yards  of  oil 
soaked  dirt  was  removed  from  the  ditch." 

G 

"After  securing  the  ruptured  pipeline  to  Tank  No.  63, 
the  situation  was  evaluated  for  pollution  impacts. 

It  was  then  deemed  necessary  to  remove  several  hundred 
pounds  of  sand  and  gravel  soaked  by  the  JP-4  by  placing 
it  in  specially  lined  drums." 

G 

"During  high  winds  and  stormy  weather,  several  55-gallon 
drums  containing  kerosene  were  knocked  over  and  ruptured. 
Approximately  250  gallons  of  contaminated  spilled  fluids 
mixed  with  rainwater  were  contained  within  the  bermed  storage 
area  and  later  retrieved  into  a  large  waste-oil  tank." 

D 

"Following  the  tanker  explosion  in  the  Long  Beach  Harbor, 
larger  pieces  of  oil -soaked  vessel  and  piling  were  stock¬ 
piled  on  the  wharf." 

S 

"Tetraethyl  lead  sludges  mixed  with  bottom  sediments 
were  dredged  into  open  barges  and  then  transferred 
into  special  vacuum  trucks  for  transport." 

K 
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III.  SPILL  DISPOSAL  EQUIPMENT 
SYSTEMS  FOR  OILS 


SCENARIO  A  -  OIL  ONLY,  NO  DEBRIS,  CALM  WEATHER,  WARM 
AIR  TEMPERATURE 

Scenario  A  is  defined  as  follows: 

Oil  dispersed  in  water,  no  solid  debris,  calm  weather, 
warm  air  temperature. 

Oils  to  be  included  and  considered  under  Scenario  A  include 
the  five  groups  as  defined  in  Appendix  A.  Environmental  con¬ 
ditions  include  a  moderate  air  temperature  (from  15  to  25°C). 
Typical  oil-water  emulsions  are  about  50  percent  oil  and  50 
percent  water,  although  this  can  vary  over  a  wide  range. 

Figure  6  shows  the  general  system  options  for  receiving 
fluids  from  primary  recovery  craft  and  transporting  the  fluids 
to  off-site  facilities,  or  to  on-site  treatment  or  disposal  facili¬ 
ties.  Options  are  indicated  for  shipboard  storage  or  in-water 
storage  vessels  and  brought  to  shore.  On-board  storage  tanks 
are  off  loaded  to  trucks  or  pumped  out  along  with  towable  in¬ 
water  craft.  Pumped-out  fluids  are  processed  or  disposed  of  on 
site,  or  are  transferred  to  a  tank  truck  for  transport  to  contract 
disposal  facilities.  Appendix  G  explains  in  detail  the  options 
for  disposal  by  a  third  party  disposal  company. 

System  1 

System  1  is  defined  as  follows  (Figure  7): 

Pumpout  of  primary  recov'ery  vessel  (PRV)  or  transfer 
from  other  on-site  processing  by  either  a  positive  displace¬ 
ment  pump  or  a  centrifugal  pump  mounted  on  a  workboat. 

Optional  demul si f ication  and/or  oil/water  separation  is 
conducted  on  board.  The  separated  spill  component  is  then 
transferred  to  on-board  storage  and  burned  in  a  sea-going 
incinerator. 

Critical  equipment  elements  of  the  system  are  shown  in  Table  5. 

The  total  system  life  cycle  cost  for  an  estimated  20-year  life 
is  $875,854,  and  the  system's  annual  cost  is  $21,700. 
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TABLE  5.  SYSTEM  1:  CRITICAL  EQUIPMENT  ELEMENTS . 


Qty 

Equipment 

Element 

Estimated 
Item  Life 

No*  (Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

workboat 

606 

20 

80,000 

5,600 

4,000 

1 

barge 

608 

20 

150,000 

5,000 

8,000 

2 

centrifugal  pump 
and  10  hp  motor 

1016 

10 

12,600 
(  6,300) 

600 

120 

2 

oil /water 
separator 

1213 

20 

27,800  J 
(  13,900) + 

3,000 

1,400 

5 

temp,  storage  tank 

1302 

20 

15,000 
(  3,000) + 

1,500 

800 

1 

incinerator 

1910 

10 

190,000 

6,000 

10,000 

contingency  (10%) 

— 

— 

47,540 

-- 

-- 

Life  Cycle  Cost  = 
Total  Annual  Cost  = 

$  875,854 
$  21,700 

★ 

See  Appendix  D. 
TUnit  costs. 
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A  two-day  transfer  time  is  considered  to  be  a  realistic 
objective  for  this  system,*  with  pump(s)  on  a  5  hr/day  duty 
eye  1 e . 

The  required  flow  rate  for  the  pump(s)  is  shown  below: 
«-Hh-  133  gal/min 


A  typical  self-priming  centrifugal  pump  (Worthington  2  in 
CNGK-84)  with  2-in  inlet  and  outlet,  using  45  ft  or  2-in  suc¬ 
tion  hose  and  150  ft  of  2-in  discharge  hose,  can  deliver  140  gal/ 
min  for  a  total  head  of  70  ft  and  requires  a  7.5  hp  motor. 

Each  such  pump  and  motor  plus  frame  weighs  about  184  kg 
(400  lb)  and  will  occupy  a  space  roughly  1.5  m  long  by  0.45  m 
wide  by  0.6  m  high  (5  ft  x  1  1/2  ft  x  2  ft). 

Although  one  pump  is  capable  of  meeting  the  recovery  opera¬ 
tion  requ i rements ,  it  is  recommended  that  two  be  allocated  for 
the  following  reasons: 

•  As  a  standby  unit  in  case  of  malfunction 

•  For  additional  transfer  capacity  to  auxiliary  workboat 

•  For  transfer  of  separated  oil  from  temporary  storage 
tank(s)  to  tank  truck. 

A  typical  recovery  vessel,  the  M/V  Port  Service  (used  in 
Boston  Harbor),  has  a  waterline  length  of  over  13.7  m  (38  1/2  ft) 
and  a  beam  of  5  m  (16  ft).  Two  oil/water  separators  can  be 
positioned  on  the  usable  deck  space  (about  5  m  by  4  m).  Reduc¬ 
tion  in  freeboard  by  the  two  oil/water  separators,  fully  loaded 
with  liquid  spill  mass,  is  on  the  order  of  0.1  m  (about  3  1/2  in). 

There  is  also  ample  space  on  the  deck  of  a  support  barge  to 
accommodate  both  separators,  should  location  aboard  the  recovery 
vessel  be  difficult.  Each  G.E.  ( P . S . I . ) -Model  0PL150  or  equiva¬ 
lent  unit  weight  1,910  kg  (4,200  lb)  and  occupies  a  space 
roughly  3.9  m  long  by  2.1  m  wide  by  1.5  in  high  (13  ft  x  7  ft 
x  5  ft)  . 

An  optional  practice  during  the  spill-mass  collection  opera¬ 
tion  is  demul si f ication  by  addition  of  chemical  emulsion  breaker. 
Demulsifiers  may  be  added  to  recovered  fluids  in  five  open-top 
tanks  located  on  the  support  barge  (Figure  8). 

Oils  Which  Can  and  Cannot  Be  Handled-- 

Oil  groups  II  and  III  can  be  accommodated  using  System  1. 
Groups  I,  IV,  and  V  are  too  flammable  to  enable  safe  on-board 
i nc i nera ti on . 

*?62  m3  in  2  days. 
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SWOB-1  BARGE 


5  OPEN  TOP  TANKS 


CROSS  SECTION  OF 
SWOB- 1 


FIGURE  3.  SYSTEM  1:  OPEN  TOP,  FIELD  ERECTABLE  TANKS 
POSITIONED  ON  BARGE  DECK. 


Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 

The  processing  rate  for  System  1  is  limited  by  the  incinera¬ 
tor  unit  recommended.  An  incinerator  (Metpro  Model  16090)  weigh¬ 
ing  about  18,000  kg  (40,000  lb),  occupying  a  space  about 
6.0  m  x  7.1  m  x  28  m  (20  ft  x  7  ft  x  9  ft),  consumes  waste  at  the 
rate  of  roughly  600  kg/hr  (1,320  lb/hr).  A  single  such  unit 
would  require  slightly  over  10  days  continuous  burning  in  order 
to  dispose  of  about  152,000  i  of  waste.  Actually,  owing  to  its 
volatility,  a  significant  quantity  of  the  oils  of  Group  I  will 
have  evaporated  so  that,  for  such  a  spill,  the  10-day  continuous 
incineration  may  be  conservative. 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 

All  equipment  components  included  in  System  1  are  available 
on  the  commercial  market.  Development  of  the  equipment  into  a 
Coast  Guard  response  system  would  require  little  engineering 
expense  other  than  proper  sizing  and  acquisition  of  the  compo¬ 
nents  . 

Environmental  Impacts  of  System  Operation  and  Mitigation  Measures-- 

Potential  for  environmental  impacts  in  the  treatment  system 
follow : 

•  Overfilling  or  leakage  from  temporary  storage  tanks 

•  Redischarge  of  oil  caused  by  inefficient  oil/water 
separation 

•  Incinerator  stack  emissions. 

Overfilling  of  storage  tanks  during  large-flow  operations  can 
be  prevented  by  continuous  monitoring  of  the  fluid  level  in  the 
tanks.  Simple  liquid  level  detection  devices  are  available  on 
the  market  which  sound  a  warning  alarm  when  a  predesignated  tank 
volume  (fill  height)  is  reached.  The  impact  of  leakage  from 
tanks  may  be  minimized  by  erecting  temporary  barriers  around  the 
perimeter  of  the  tank,  and  by  providing  a  supply  of  sorbent 
materials.  Contingency  plans  should  be  prepared  ahead  of  time  for 
transferring  the  contents  of  a  leaking  storage  tank  to  another 
holding  facility.  Directives  for  proper  maintenance  and  operation 
of  oily  waste  storage  facilities  are  included  in  the  Environmental 
Protection  Agency's  regulations  for  Spill  Prevention  Control  and 
Countermeasures  (40  CFR,  Part  112). 

The  redischarge  of  oil  with  aqueous  oil/water  separator 
effluents  can  be  minimized  by  carefully  monitoring  the  oil  con¬ 
tent  in  the  stream.  If  the  oil  content  is  too  high  for  dis¬ 
charge  of  the  fluids  back  to  the  watercourse, a s  defined  by  water 
quality  standards,  then  the  fluids  may  have  to  be  treated  fur¬ 
ther  (see  System  OS-2  under  "On-Site  Treatment").  Another  miti¬ 
gating  measure  which  can  be  taken  is  to  reduce  the  flow  rate 
through  the  separator,  thereby  increasing  the  retention  time  and 
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allowing  for  more  effective  partitioning  of  the  oil  and  water 
phases  in  the  unit. 

The  variable  quality  of  the  incinerator  emissions  which  may 
originate  from  this  system  precludes  its  use  at  shorelines  in 
heavily  populated  or  urbanized  zones.  In  remote  areas,  the 
impact  from  off-shore  incineration  operations  is  secondary  to 
the  need  for  efficient  and  effective  disposal  of  the  spilled  oil. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  6  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  1.  Plans  for  each  element  are 
shown  in  the  indicated  figures. 

TABLE  6.  SYSTEM  1:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Item 


Equipment  Element 

No. 

lM 

W(m) 

!M 

D(m) 

Weiqht  (kg) 

Fiq. 

Workboat 

606 

11.73 

5.03 

1 .60 

• 

13,750 

E-l  5 

Barge 

608 

32.31 

7.92 

2.59 

- 

90,710 

E-l  6 

Centrifugal  pump+ 

1,016 

1.50 

0.45 

0.60 

- 

184 

E-21 

Oil /water  separator 

1,213 

3.86 

2.08 

1.50 

- 

1,910 

E -22 

Open  top  tanks 
(envelope) 

302 

1.2 

3.0 

0.3 

885 

E-2 

Incinerator 

1 ,910 

5.96 

2.11 

2.81 

2.11 

17,920 

E-31 

★ 

For  conceptual  drawing,  see  figure  indicated.  Appendix  E. 

+Worthington  -  2-in  CNGK-84,  or  equal. 

Transportability  by  existing  Coast  Guard  Vessels  and  Aircraft 
capability.  See  Appendix  F. 

Special  requi rements--Speci al 1 v  trained  Coast  Guard  personnel 
are  required  for  installation  and  operation  of  all  equipment 
included  in  System  1.  During  simultaneous  operation  of  all  equip¬ 
ment  elements,  it  is  estimated  that  a  maximum  of  six  persons  are 
required  as  crew  (barge  -  2,  workboat  -  1,  pump  -  1,  oil/water 
separator  -  1,  incinerator  -  1). 

Diesel  fuel  must  also  be  provided  for  operation  of  the  pumps, 
crane  system,  and  workboats.  All  units  are  provided  with  limited 
on-board  fuel  storage.  For  prolonged  operations,  a  small  tank 
truck  may  be  required  for  bringing  additional  fuel  to  the  site. 
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System  2 


System  2  is  defined  as  follows  (Figure  9): 

Shipboard  pumpout  of  primary  recovery  vessel  ( P R V )  and 
the  optional  demul si f i cati on  and/or  oil/water  separation  of 
the  spill-mass  fluids  are  conducted  in  the  same  manner  as 
described  in  System  1.  Fluid  is  then  transferred  into 
vacuum  tank-trailers  present  on  the  deck  of  a  towed  barge. 

In  the  transfer  of  the  barge  to  shore,  the  tanks  are  towed 
ashore  over  a  ramp.  Trucks  then  deliver  the  tank-trailers 
and  contents  to  on-site  treatment  or  to  an  off-site  facility. 

Critical  Elements  of  the  system  are  shown  in  Table  7. 

With  each  of  4  vacuum  tanks  located  on  the  barge  deck  filled 
with  liquid  to  19,000  l  (5,000  gal)  capacity,  the  barge  free¬ 
board  is  estimated  to  be  reduced  about  0.5  m  (1  ft  8  in).  Since 
the  light  barge  freeboard  is  about  1.8  m  (6  ft),  no  stability 
problem  is  anticipated.  The  total  system  life  cycle  cost  and 
annual  cost  are  $1,057,500  and  $38,200,  respectively. 

Oils  Which  Can  and  Cannot  Be  Handled-- 

Some  oils,  particularly  those  in  Group  II  (Appendix  A),  are 
highly  viscous  and,  in  high  concentrations,  may  inhibit  effec¬ 
tive  oil/water  separation.  Provisions  for  both  a  positive  dis¬ 
placement  and  centr i f ugal -type  pump  in  the  system  allow  for 
efficient  pumping  capabilities  over  a  wide  range  of  viscosities. 
All  other  oil  groups  (I,  II,  and  IV)  can  be  processed  by  this 
handling  system.  Groups  III  and  V,  where  oil/ water  se pa  ration  is 
not  feasible,  may  require  direct  transport  of  all  of  the  fluid 
emulsion  to  shore  disposal  facilities. 

Approximate  Volume  of  Spill  Mass  Which  Can  Be  Handled-- 

Despite  care  in  recovery,  the  oil  and  water  can  become 
mixed  into  an  emul si  on  containing  up  to  50  percent  oil  and  50 
percent  water.  Thus,  a  total  spill-mass  volume  of  303  m3 
(80,000  gal)  needs  to  be  moved  towards  ultimate  disposal.  This 
entire  volume  can  be  accommodated  by  the  on-board  storage  facil¬ 
ities  included  in  System  1. 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 
A 1 1  equ i pment  components  included  in  System  2  are  available 
on  the  commercial  market.  Development  of  the  equipment  into  a 
mobile  Coast  Guard  response  system  would  require  little  engineer¬ 
ing  expense  other  than  proper  sizing  and  acquisition  of  the  com¬ 
ponents  . 
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TABLE  7.  SYSTEM  2:  CRITICAL  EQUIPMENT  ELEMENTS 


qty 

Equipment 

Element 

I  tern* 
No. 

Estimated 

L  i  fe 
(Yr) 

Capi tal 

Cost 
(1978  S) 

Approximate 
Annual  0SM 
Costs  ($) 

Estimated 
Sal vaye 
Value  ($) 

1 

workboat 

606 

20 

80,000 

5,600 

4,000 

1 

barge 

608 

20 

150,000 

7,000 

12,000 

2 

centrifugal  pump 
and  10  hp  motor 

1016 

10 

12,600 
(  6,300)+ 

600 

120 

2 

oi 1 /water 
separator 

1213 

20 

27,800 
(  13, 900 )+ 

3,000 

1,400 

8 

vacuum  tanks 

503 

10 

160,000 
(  20,000)+ 

16,000 

8,000 

1 

truck-tractor 

514 

10 

59,000 

6,000 

4,000 

1 

ramp 

1302 

10 

2,000 

-  0  - 

100 

contingency  (10%) 

- 

- 

49,140 

- 

- 

Life  Cycle  Cost 
Total  Annual  Cost 

=  S  1,057,500 
=  $  38,200 

Envi ronmental  Impacts  of  System  Operation  and  Mitigation  Measures 
Potential  for  environmental  impacts  in  the  disposal  system 
include  the  following: 

e  Accidental  oily  discharges  during  pumping  out  of 

recovery  vessels  or  sh i p-to-shore  transfer  of  oily  wastes 

•  Accidental  overfilling  or  leakage  from  on-board  storage 
tanks 

•  Redischarge  of  oil  caused  by  inefficient  oil/water 
separation. 

Accidental  oily  discharges  during  transfer  operations  can  be 
contained  by  placing  booms  in  the  water  around  such  operations. 
Sorbents  are  provided  to  retrieve  small  oil  spills.  Overfilling 
of  storage  tanks  and  inefficient  oil/water  separation  can  be 
avoided  and  controlled  as  described  for  System  1. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  8  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  2  .  Plans  for  each  element 
are  shown  in  the  indicated  figures. 

Transportability  by  Existing  Coast  Guard  Vessel  and  Aircraft 
Capabi 1 i ty  — 

Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels. 

Transportability  by  Other  Than  Coast  Guard  Vessel  and  Aircraft-- 
See  Appendix  f. 

Special  Requirements-- 

The  limiting  elements  in  System  2  are  the  vacuum  tank  and 
truck,  which  cannot  be  transported  to  the  field  site  by  sea  or 
air.  These  are,  however ,  secondary  to  the  processing  operation, 
and  are  used  only  for  transporting  recovered  oil  to  an  on-site 
location  or  an  off-site  facility  for  treatment.  Furthermore, 
vacuum  trucks  can  often  be  leased  locally. 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  included  in  System 
2.  During  simultaneous  operation  of  all  equipment  elements,  it 
is  estimated  that  a  maximum  of  five  persons  is  required  as 
crew  (includes  barge  -  2,  workboat  -  1,  pump  -  1,  oil/water 
separator  -  1).  Additional  support  transport  may  be  required 
for  transporting  the  crew  to  the  field  of  operation. 

Diesel  fuel  must  also  be  provided  for  operation  of  the 
pumps  and  the  workboat.  These  units  are  provided  with  limited 
on-board  fuel  storage.  For  prolonged  operations,  a  small  tank 
truck  may  be  required  for  bringing  additional  fuel  to  the  site. 
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TABLES.  SYSTEM  2:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  Element 

Item  No. 

L  (m) 

W  (m) 

H_[m]_ 

D(m) 

Weight  (kg) 

Figure* 

Workboat 

606 

11.73 

5.03 

1.60 

- 

31 ,750 

E -15 

Ba  rge 

608 

32.31 

7.92 

2.59 

- 

90,710 

E -16 

Centrifugal 

pumpf 

1016 

1.50 

0.45 

0.60 

- 

184 

E  -  21 

Oil /water 
separator 

1213 

3.86 

2.08 

1.50 

- 

1,910 

E  -22 

Vacuum  tank 

503 

9.80 

- 

3.35 

1.68 

7,484 

E-8 

Ramp 

2302 

11.00 

variable 

1.52 

- 

2,268 

Truck-tractor 

514 

5.98 

2.44 

2.98 

19,800 

E  -10 

* 

For  conceptual  drawing,  see  figure  number  indicated.  Appendix  E. 
Worthington  -  2-in  CNGK-84,  or  equal. 
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System  3  is  defined  as  follows  (Figure  10): 

Shipboard  pumpout  of  primary  recovery  vessel  and  the 
optimal  demul sif ication  and/or  oil/water  separation  of  the 
spill-mass  fluids,  are  conducted  in  the  same  manner  as 
described  in  System  1.  Fluid  is  then  transferred  into  waste 
oil  tanks,  or  to  drums  on  pallets  located  on  the  workboat 
deck  or  on  an  adjacent  barge.  Upon  transfer  of  the  work- 
boat  or  service  barge  to  shore,  fluid  is  lifted  by  means 
of  a  pallet  crane  onto  shore  for  on-site  treatment.  Other¬ 
wise,  the  tanks  or  pallets  are  loaded  onto  a  flatbed  truck 
by  a  forklift  and  transferred  to  an  off-site  facility. 

The  critical  elements  of  System  3  are  shown  in  Table  9. 

The  total  system  life  cycle  cost  and  annual  cost  are  $964,911 
and  $37,220,  respectively. 

Certain  transfer  options  present  themselves  if  consideration 
is  given  to  the  use  of  a  large  numbe.  of  portable  rectangular 
containers.  Typical  capacities  of  rectangular  tote  tanks  (Tote 
System  Division,  Hoover  Ball  and  Bearing  Co.,  Beatrice,  Nebraska), 
are  about  2  m3  each.  The  advantage  to  these  is  that  they  are 
very  easily  off  loaded  by  a  pallet  crane. 

Oils  That  Can  and  Cannot  Be  Handled-- 
See  System  2. 

Approximate  Volume  of  Spill  Mass  Which  Can  Be  Handled-- 

For  a  152  m3  (40,000  gal)  oil  spill,  80  such  containers  would 
need  to  be  carried  on  the  deck  of  the  workboat  or  barge.  Each 
would  need  to  be  charged  with  oil  recovered  by  oil/water  separa¬ 
tor.  Ninety-six  tanks  in  six  rows  of  sixteen  tanks  each  can  be 
arranged  on  the  deck  of  the  barge  such  that  about  0.23  m  (9  in) 
of  space  between  adjacent  tanks  is  available  for  handling  pur¬ 
poses. 

Feasibility  of  Development  Including  Critical  Elements-- 

All  equipment  components  included  in  System  3  are  available 
on  the  commercial  market.  Development  of  the  equipment  into  a 
mobile  Coast  Guard  response  system  would  require  little  engineer¬ 
ing  expense  other  than  proper  sizing  and  acquisition  of  the 
components . 

Environmental  Impacts  from  System  Operation  and  Mitigation 
Measures-- 

See  System  2. 


TABLE  9 

.  SYSTEM 

3  :  CRITICAL  EQUIPMENT  ELEMENTS 

Qty 

Equipment 

Element 

Item* 

No. 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  0&M 

Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

workboat 

606 

20 

80,000 

5 ,600 

4,000 

1 

barge 

608 

20 

150,000 

5,000 

8,000 

2 

centrifugal  pump 
and  10  hp  motor 

1016 

10 

12,600  f 
(  6,300) 

600 

120 

2 

oil/water 

separator 

1213 

20 

27,800  . 

(  13,900) 

3,000 

1 .400 

80 

portable  tank 

304 

10 

72,000  + 

(  900) 

13,000 

3,000 

1 

crane 

810 

10 

12,500 

750 

600 

1 

forklift 

401 

10 

24,000 

2,400 

1 .200 

1 

flatbed  trailer 

513 

10 

8.700 

870 

400 

1 

truck-tractor 

514 

10 

59.000 

6,000 

4,000 

contingency  (10'Y.) 

-- 

-- 

44,660 

-  _ 

Life  Cycle  Cost  =  $964,911 
Total  Annual  Cost  =  $37,220 

*  Appendix  [) . 

Unit  costs. 
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Approximate  Size  and  Weight  of  the  Equipment-- 

Table  10  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  3.  Plans  for  each  element 
are  shown  in  the  indicated  figures. 

Transportability  by  Existing  Coast  Guard  Vessel  and 
Aircraft  Capability-- 

Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels,  and  the  transpor tab i 1  i  ty 
of  equipment  included  in  System  3. 

Transpor tab  i  1  i  ty  by  Means  Other  Than  Coast  Guard  Vessel 
and  Aircraft-- 

See  Appendix  F. 

Special  Requirements-- 

The  limiting  elements  in  System  3  are  the  flatbed  trailer 
513  and  truck  514,  which  cannot  be  transported  to  the  field 
site  by  sea  or  air.  These  are  secondary  to  the  processing  opera¬ 
tion,  however,  and  are  used  only  for  transport  of  fluids  to  an 
of f - s i te  facility. 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  included  in  System  3. 
During  simultaneous  operation  of  all  equipment  elements,  it  is 
estimated  that  a  maximum  of  six  persons  is  required  as  crew 
(including  barge  -  2,  workboat  -  1,  pumps  -  1,  oil/water  separa¬ 
tor  -  1,  fork-lift  -  1).  Additional  support  may  be  required 
for  transporting  the  crew  to  the  field  of  operation. 

Diesel  fuel  must  also  be  provided  for  operation  of  the  pump, 
crane  system,  and  workboat.  These  units  are  provided  with  1  ime- 
ted  on-board  fuel  storage.  For  prolonged  operations,  a  small 
tank  truck  may  be  required  for  bringing  additional  fuel  to  the 
site. 

System  4 

System  4  is  defined  as  follows  (Figure  11): 

Shipboard  pumpout  of  the  primary  recovery  vessel  (PRV) 
and  the  optional  on-board  demu 1 s i f i cati on  and/or  oil/water 
separation  of  the  spill-mass  fluids,  are  conducted  in  the  same 
manner  as  described  in  System  1.  Fluid  is  then  transferred 
into  a  towable  pillow  tank  or  donut  towed  by  an  additional 
workboat.  The  towable  storage  vessel  is  then  transferred 
to  shore  and  off  loaded  to  on-site  treatment  or  disposal. 

The  critical  elements  of  System  4  are  shown  in  Table  11.  The 
estimated  total  life  cycle  and  annual  costs  for  System  4  are 
$1,060,847  and  $26,200,  respectively. 


TABLE  10.  SYSTEM  3:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  Element 

Item  No. 

LM 

W  (m) 

H  (m)  D 

Weight  jksl 

Figure*. 

Workboat 

606 

11.73 

5.03 

1.60 

31,750 

E- 15 

Barge 

608 

32.31 

7.92 

2.59 

90,710 

E- 16 

Centrifugal 

pumpt 

1016 

1.50 

0.45 

0.60 

184 

E-21 

Oil /water 
separator 

1213 

3.86 

2.08 

1.50 

1,910 

E  -  22 

"Tote  Tanks"  tm 

304 

1.07 

1.20 

1 .80 

165 

E-4 

Crane 

810 

8.70# 

- 

10.00#  1.00 

2,110 

E-17 

Forklift 

401 

4.57 

2.26 

3.76 

4,540 

E  -  32 

Truck-flatbed 

trailer 

513 

13.0 

2.64 

1.20 

4,590 

E-9 

Truck-tractor 

514 

5.98 

2.44 

2.98 

19,800 

E  - 10 

* 

For  conceptual  drawing,  see  figure  number  indicated,  Appendix  E- 

'Worthington  -  2-in  CNGK-84,  or  equal. 

# 

Key  dimensions:  L  =  lateral  reach,  H  =  lift  distance. 


SYSTEM  4,  SCENARIO  A 


TABLE  11.  SYSTEM  4:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item* 

No. 

Estimated 

Life 

(Yr) 

1 

workboat 

606 

20 

3 

centrifugal  pump 
and  10  hp  motor 

1016 

10 

2 

towable  pillow 
tank 

203 

5 

1 

donut 

303 

10 

1 

small  workboat 

605 

20 

1 

vacuum  tank 

503 

10 

1 

truck-tractor 

514 

10 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  O&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

80,000 

5,000 

4,000 

18,900  , 

(  6,300) r 

900 

180 

98,000  , 

(  49,000) + 

6,300 

-  0  - 

65,000 

4,000 

3,000 

25,000 

2,000 

1,250 

20,000 

2,000 

1,000 

59,000 

6,000 

4,000 

36,590 

_  _ 

contingency  (10%) 


Life  Cycle  Cost  =  $1,060,847 
Total  Annual  Cost  =  $  26,200 

Appendix  D. 

Unit  costs. 
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Oils  That  Can  and  Cannot  Be  Handled-- 

All  oils  except  the  most  viscous  materials  in  Group  III  can 
be  accommodated  by  System  4. 

Approximate  Volume  of  Spill  Mass  Which  Can  Be  Handled-- 

System  4  includes  the  use  of  towable  storage  bags  (Dracone). 
These  collapsible  vessels  are  a i r -dep 1 oyab 1 e  ,  capable  of  being 
brought  to  the  recovery  site  quickly,  and  the  largest  can  hold 
nearly  1,000  m^  (260,000  gal).  Ideally,  they  are  used  for  the 
transport  of  concentrated  recovered  spill  mass  (subsequent  to 
oil/water  separation)  from  the  workboat  to  a  shore  depot,  at 
which  point  the  recovered  oil  is  pumped  to  a  tank  or  vacuum 
truck.  (The  latter  is  only  practical  if  short  vertical  distances, 
preferably  4.5  m  or  less,  are  involved.)  The  "donut"  is  a  float¬ 
ing  combination  oil/water  separator  and  fluids  container.  The 
towable  craft  floats  partially  submerged  during  loading  of  the 
oil/water  mixture.  The  donut  reduces  total  spill  mass  volume 
by  functioning  as  a  separator.  When  the  oil  and  water  separate, 
water  is  continually  forced  out  of  the  bottom.  The  capacity  of 
each  donut  is  about  80  m3  (21,200  gal). 

Feasibility  of  Development  Including  Critical  Elements-- 

All  equipment  components  included  in  System  4  are  available 
on  the  commercial  market.  Development  of  the  equipment  into  a 
mobile  Coast  Guard  response  system  would  require  little  engineer¬ 
ing  expense  other  than  proper  sizing  and  acquisition  of  the  com¬ 
ponents  . 

Environmental  Impacts  of  System  Operation  and  Mitigation  Measures-- 
See  System  2. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  12  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  4.  Plans  for  each  element 
are  shown  in  the  indicated  figures. 


TABLE  12.  SYSTEM  4:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  Element 

I  tern  No . 

L(m) 

W(m) 

Him) 

5jjnl 

Weight(kg)  Fig* 

Workboat 

606 

11.73 

5.03 

1  .60 

_ 

31 ,750 

E-15 

Pillow  tank  (towable) 

(in  envelope) 

203 

3.0 

2.0 

2.0 

- 

743 

E-l 

Donut 

303 

7.60 

4.60 

6.70 

- 

20,000 

E-3 

Centrifugal  pumpf 

1 ,016 

1 .50 

0.45 

0.60 

- 

184 

E-21 

Small  workboat 

605 

9.14 

3.66 

1  .40 

- 

14,500 

E-l  4 

Vacuum  tank 

503 

9.80 

- 

3.35 

1.68 

7,484 

E-8 

Truck  tractor 

514 

5.98 

2.44 

2.98 

- 

19,800 

E-10 

*For  conceptual  drawing,  see  figure  number  indicated.  Appendix  E. 
tWorthington  -  2-in  CNGK-84,  or  equal. 
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Transportability  by  Existing  Coast  Guard  Vessels  and  Aircraft 
Capabi 1 i ty-- 

Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels  and  the  transportability 
of  equipment  included  in  System  4. 

Transportability  by  Means  Other  than  Coast  Guard  Vessel 
and  Aircraft-- 

See  Appendix  F. 

Special  Requ i remen t s -- 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  included  in  System 
4.  During  simultaneous  operation  of  all  equipment  elements,  it 
is  estimated  that  a  maximum  of  five  persons  is  required  as 
crew  (includes  workboats  -  2,  pillow  tank(s)  -  1,  donut  -  1,  and 
pump  -  1).  Additional  support  may  be  required  for  transporting 
the  crew  to  the  field  of  operation. 

Diesel  fuel  must  also  be  provided  for  operation  of  the  pumps 
and  workboats.  All  units  are  provided  with  limited  fuel  storage. 
For  prolonged  operations,  a  small  truck  may  be  required  for 
bringing  additional  fuel  to  the  site. 

SCENARIO  B  -  OIL  ONLY,  NO  DEBRIS,  STORMY  WEATHER,  COLD  AIR 
TEMPERATURE 

Scenario  B  is  defined  as  follows: 

Oil  dispersed  in  water,  no  solid  debris,  stormy  weather, 
cold  air  temperature. 

This  scenario  differs  from  scenario  A  in  that  the  ambient 
air  temperature  is  at  or  below  0°C. 

Recovery  Systems 

Systems  1,  2,  3,  and  4  may  essentially  be  structured  iden¬ 
tically  to  those  of  Scenario  A  and  applied  to  Scenario  B.  How¬ 
ever,  for  No.  6  oil  (Bunker  C)  there  may  be  no  capability  for 
incineration  at  sea  (System  1).  Because  of  its  relatively  high 
density  (s.g.  =1.1),  oil/water  separation  is  not  possible.  There¬ 
fore,  ten  open-top  roll-off  containers  (Galbreath  R2290  -  45  yd3) 
will  be  needed  to  contain  the  entire  304,000  i  (80,000  gal)  of 
recovered  oil  and  water.  Each  of  these  weighs  3,764  kg  (8,300  lb). 
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Additional  Fixed  Equipment  Required  Under  Scenario  B 


2  Pumps,  motors 
10  O.T.  roll-offs 
Misc.  sump,  piping 
Subtotal 


870  kg  (  1,910  lb) 
37,640  kg  (83,000  lb) 

1  ,000  kg  _ 2,200  1  b) 

39,510  kg  (87,110  lb) 


Average  density  of  spill  mass:  Seawater  64  pcf 

0 i 1  68.6  pcf 

Average  66.3  pcf 


Therefore,  the  additional  live  load  (spilled  oil  +  water)  is 
about  321,600  kg  (709,210  lb),  and  the  total  additional  weight 
is  361,110  kg  (796,300  lb).  The  resultant  reduction  in  free¬ 
board  would  be  about  0.6  m.  This  is  also  less  than  half  the 
barge  afterdeck  freeboard  (about  1.3  m).  Thus.no  overloading 
problems  are  anticipated. 


The  only  significant  difference  between  Scenario  A  and 
Scenario  B  is  ambient  air  temperature.  The  colder  temperatures 
of  Scenario  B  dictate  the  use  of  a  positive  displacement  pump 
rather  than  a  centrifugal  pump. 

Substitution  of  a  positive  displacement  pump  in  Systems 
1  through  4,  as  described  under  Scenario  A,  will  result  in  an 
increased  capital  cost  of  about  $7,600  for  Systems  1  through  3 
(2  pumps),  and  $1  1  ,400  for  System  4  (3  pumps).  The  total  annual 
costs  are  also  increased  by  about  $2,500. 


The  dimensions  of  the  alternative  cold-weather  pumps 
(Item  No.  1015)  are  1.50  m  long,  0.46  m  wide,  and  0.60  m  high. 
Each  pump  weighs  435  kg.  These  dimensions  and  weights  do  not 
significantly  alter  the  system  transportability,  crew  size,  fuel 
requirements,  or  other  factors  determined  for  Scenario  A. 

SCENARIO  G  -  OIL  ONLY  (SLUDGE  OR  SEDIMENT,  INORGANIC  SORBENTS 
MIX),  CALM  WEATHER,  WARM  AIR  TEMPERATURE 


Scenario  G  is  defined  as  follows: 


Oil  mainly  consisting  of  heavy  sludge,  or  mixed  with 
soil,  sand,  sediments,  organic  sorbents.  Environmental 
conditions  include  calm  weather  and  warm  air  temperatures. 

Oils  considered  under  Scenario  G  include  the  five  groups 
as  defined  in  Appendix  A.  Environmental  conditions  include  a 
moderate  air  temperature  of  from  15  to  25°C.  Typical  solid/ 
oil  mixture  ratios  up  to  5  to  1  by  volume  are  anticipated.  Solids 
mixed  with  spill  masses  collected  from  off-shore  operations  will 
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probably  consist  of  dredged  sediment  or  sand  slurries,  or  oil- 
sorbent  mixtures.  Debris  recovered  at  onshore  sites  will  not 
exhibit  fluid  characteristics  and  will  probably  consist  of 
oil-contaminated  sand  or  soils.  It  is  anticipated  that  the 
sludges  and  slurry  materials  will  be  pumpable  by  centrifugal 
pumps  or  by  progressive  cavity  systems. 

General  Systems  for  Oil  Spill  Mass  Disposal: 

Fine  Debris  Materials 

Figure  12  shows  the  general  system  options  for  receiving  the 
oil/debris  mixture  from  offshore  or  onshore  recovery.  Options 
are  indicated  for  transporting  dredge  spoils  or  other  materials 
to  shore  via  a  barge,  a  direct  pipeline,  or  portable  tanks  on  a 
workboat.  Workboat  tanks  may  be  lifted  to  shore  by  crane  or 
off  loaded  into  a  vacuum  or  tank  truck.  Interim  processing  of 
the  spill-mass  mixture  to  separate  the  oil  and  solids  may  also 
be  conducted  on  site.  Concentrated  solids  from  the  separator 
are  pumped  or  conveyed  to  a  tank  for  transfer  to  a  contracted 
disposal  off-site  facility.  The  liquid  fractions  are  conveyed 
to  on-site  treatment  or  disposal  sites. 

System  5 

System  5  is  defined  as  follows  (Figure  13): 

An  offshore  dredge  or  other  primary  recovery  vessel 
(PRV),  equipped  with  a  centrifugal  pump  discharging  dredge 
spoi  1 s  into  : 

t  Portable  tanks  on  the  deck  of  a  barge  or  additional  work- 
boa  t 

•  A  pipeline  leading  to  shore 

»  A  barge  with  gunwales  which  is  moored  to  the  dredge, 
another  workboat,  or  nearby  pier  structure. 

The  portable  tanks  may  be  off  loaded  from  the  workboat  by 
a  crane  and  placed  on  a  flatbed  truck  for  transport  to  an 
off-site  facility.  Alternatively,  the  contents  of  the  por¬ 
table  tanks,  barge,  or  pipeline  may  be  discharged  or  pumped 
into  a  temporary  storage  tank, or  transferred  directly  to  a 
vacuum  or  tank  truck  for  transport  to  an  off-site  facility. 
An  additional  pump  must  be  provided  where  the  contents  of 
a  portable  tank  or  barge  are  to  be  placed  in  temporary  on¬ 
shore  storage  or  a  tank  truck. 


Wen  y  30  A 


FIGURE  13.  SYSTEM  5,  SCENARIO  G. 


Two  options  are  therefore  included  in  System  5: 

•  Discharges  stored  in  portable  tanks  on-barge  (Figure  8). 
Portable  tanks  are  towed  ashore  by  a  workboat.and  are 
then  lifted  ashore  by  crane  and  placed  on  a  flatbed 
truck. 

•  Portable  tank,  barge,  or  pipeline  discharges  are  pumped 
out  into  a  temporary  onshore  tank.  The  storage  tank 
contents  are  then  pumped  into  a  vacuum  truck  for  transport. 
Critical  equ i pment  elements  of  System  5  are  shown  in 
Table  13.  The  total  life  cycle  and  annual  costs  for 
System  5  are  $944,501  and  $35,820,  respectively. 

Oils  Which  Can  and  Cannot  be  Handled-- 

System  5  is  designed  to  handle  highly  viscous  slurries  or 
sorbent-oil  mixtures.  Therefore,  the  range  of  viscosities  repre¬ 
sented  by  the  oils  in  all  five  oil  groups  described  in  Appendix 
A  does  not  present  a  handling  problem. 

Flammability  is  also  not  seen  as  a  major  system  limitation. 

The  oils  in  Groups  I,  IV,  and  V  will  probably  be  sufficiently 
weathered  if  they  are  to  be  recovered  from  soils,  sands,  or 
sed  iments, and  their  volatile  fractions  will  hava  been  substan¬ 
tially  reduced. 

Where  nonweathered  oil  fractions  are  present  in  high  con¬ 
centrations  relative  to  the  solid  fraction,  solid-liquid  separa¬ 
tion  may  be  deemed  impossible  for  the  oils  in  Groups  III  and  IV. 
Under  such  conditions,  the  separation  step  is  omitted  and  the 
oil/solid  mixture  is  transported  to  a  contracted  off-site  facility 
or  disposed  on  site  without  prior  separation.  High  oil  concen¬ 
trations  may  create  explosion  hazards  if  oils  in  Groups  I,  IV, 
or  V  are  involved.  Therefore, in  spill  masses  with  high  solids 
content, all  oil  groups  can  be  accommodated.  For  high  oil  con- 
trations,  Group  II  oils  are  accommodated  best, and  Groups  I,  IV, 
and  V  should  be  handled  only  by  equipment  approved  for  volatile 
petroleum  transfer. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 

Up  to  180  m^  of  liquid-solid  mixture  can  be  handled  under 
this  system  for  each  transfer  to  shore  by  barge.  This  limit 
reflects  the  capacity  of  each  of  the  80  portable  tanks  (2.25  m3). 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 

The  existing  technical  applications  of  dredged  material 
handling  methods  are  documented  through  interviews  with  various 
authorities  and  manufacturers  experienced  in  recovering  spilled 
materials  from  harbor  bottoms.  Typically,  such  operations  can 
only  be  conducted  under  mild  sea  condi tions,  and  where  the  con¬ 
taminated  bottom  is  shallow  and  accessible.  Primary  recovery 
vessels  are  available  which  can  conduct  small  dredging  operations 
with  limited  resuspension  of  sediments  (see  Equipment  Item  No.  610 
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TABLE  13. 

SYSTEM 

5  :  CRIT 

ICAL  EQUIPMENT  ELEMENTS 

Qty 

Equipment 

Element 

Estimated 
Item*  Life 

No.  (Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

workboat 

606 

20 

80,000 

5,600 

4,000 

1 

barge 

608 

20 

150,000 

5,000 

8,000 

2 

centrifugal 
solids  pump 
(4MF-11) 

1019 

10 

8,600  . 

(  4,300) 

600 

430 

1 

centrifugal 
solids  pump 
(5MF-15) 

1019 

10 

13,800 

1 ,000 

700 

80 

portable  tanks 

304 

10 

72,000  + 

(  900) 

13,000 

3,000 

200 

ft 

8-in  pipeline 
and  floats 

1101 

5 

9,800  + 

(  49)' 

-  0  - 

-  0  - 

1 

large  shore  tank 
(open  top, 
portable) 

(30  ft  dia  x  12 
ft  high) 

302 

20 

9,500 

1,000 

500 

1 

crane 

810 

10 

12,500 

750 

600 

1 

flatbed  trailer 

513 

10 

8,700 

870 

400 

1 

truck-tractor 

514 

10 

59 ,000 

6,000 

4,000 

1 

vacuum  tank 

503 

10 

20,000 

2,000 

1 ,000 

contingency  (10%) 

-- 

— 

44,390 

— 

— 

Life  Cycle  Cost  = 
Total  Annual  Cost  = 

$944,501 
$  35,820 

+Appendix  d* 
Unit  costs. 
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and  611,  Appendix  D).  However,  careful  analysis  and  control 
measures  must  be  undertaken  to  avoid  recontamination  of  the  water 
col umn . 

Since  much  of  the  pumping  and  spill  ma ss - t ra ns f er  capabili¬ 
ties  are  associated  with  the  primary  recovery  vessel,  it  is 
included  as  an  integral  part  of  this  particular  disposal  system. 
The  vessel  is  readily  trailerable  to  the  site  of  operations. 

Environmental  Impacts  of  System  Operation  and  Mitigation  Measures- 
Environmental  impacts  may  occur  with  System  5  at  any  of 
several  points  along  the  flow  of  debris  handling: 

•  Wa ter  -  to -s ho  re  transfer  of  the  oil-soaked  solids 

•  Accidental  overfilling  of  temporary  storage  tanks 

•  Accidental  spills  during  vacuum  truck  pumpout  of  the 
temporary  storage  tanks. 

The  transport  and  use  of  the  heavy  portable  equipment  at  sensi¬ 
tive  shoreline  areas  may  also  result  in  damage  to  terrestrial 
or  aquatic  plant  life  and  fauna. 

The  potential  for  further  water  contamination  by  drippings 
or  spillage  during  debris  transfers  may  be  minimized  according 
to  techniques  described  for  System  4. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  14  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  of  System  5.  Nans  for  each  element 
are  shown  in  the  indicated  figures. 

TABLE  14.  SYSTEM  5:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  element 

Item  no. 

w  .111 

h  tml 

0  (m) 

Weight 

Fig,* 

Work boat 

606 

11.73 

5.03 

1.60 

31,750 

C- 15 

Barqe 

608 

32.31 

7.90 

2.59 

- 

90,710 

E- 16 

Pump  ♦  motor  (8MF-15) 
solids 

1019 

1.97 

0.82 

0.64 

- 

180 

Tump  +  motor  ( 4MF-1 1 ) 

1019 

1.34 

0.82 

0.64 

- 

180 

Portable  tanks 

304 

1.07 

1.20 

1.80 

165 

E-4 

Tanks,  storage 

302 

1.2 

3.0 

1.2 

- 

2,700 

E-2 

Crane  (envelope) 

810 

8. 70+ 

- 

10.00* 

- 

2,110 

E  - 1 7 

Plpel Ine 

1101 

61.00 

- 

0.20 

799 

Flatbed  trailer 

513 

13.0 

2.64 

1.20 

- 

4,590 

E-9 

Truck-tractor 

514 

5.98 

2.44 

2.98 

- 

19,800 

E  - 1 0 

Vacuum  tank 

503 

9.80 

3.35 

1 .68 

7,484 

E-8 

*For  conceptual  drawing,  s ee  figure  Indicated,  Appendix  f. 
!Key  dimensions:  l  •  lateral  reach,  H  •  lift  distance. 
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Transportability  by  Existing  Coast  Guard  Vessel  and  Aircraft 
Capabi 1 i ty-- 

Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels, and  the  transportability 
of  equipment  included  in  System  5. 

Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Aircraft-- 

See  Appendix  F. 

Special  Requirements-- 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  included  in  System 
5.  During  simultaneous  operation  of  all  equipment  elements,  it 
is  estimated  that  a  maximum  of  eight  persons  are  required  as 
crew,  including:  workboat  -  1,  barge  -  1,  crane  -  2,  pump  -  1, 
tank  -  1,  trucks  -  2.  Additional  support  transport  may  be 
required  for  transporting  the  crew  to  the  field  of  operation. 

Diesel  fuel  must  also  be  provided  for  operation  of  the 
pumps,  crane,  and  workboat. 

System  6 

System  6  is  described  as  follows  (Figure  14): 

Oil/solid  mixtures  are  collected  from  off-shore  opera¬ 
tions  (PRV)  in  an  identical  manner  to  that  described  in 
System  5.  However,  instead  of  moving  the  debris  to  an  off¬ 
site  facility  by  truck,  the  materials  are  passed  either 
directly  or  via  temporary  on-shore  storage  to  a  solids/ 
liquid  separator.  Effluent  solids  which  are  still  in  a 
slurry  form  are  transferred  from  the  separation  unit  to 
temporary  storage.  The  solids  are  then  removed  by  vacuum 
truck  and  transported  to  an  off-site  facility.  Nonpumpable 
solids  may  be  removed  from  the  separation  process  by  a 
conveyor  or  by  cl amshel 1,  and  placed  in  a  lined  dump  truck 
for  removal.  Sludges  from  the  process  may  also  be  disposed 
on-site  by  proper  land  disposal  techniques.  Natural 
solids  such  as  sands  may  be  returned  to  the  environment. 

The  liquid  effluents  from  the  separation  process  are  trans¬ 
ferred  to  additional  on-site  treatment. 

Two  solid  waste  handling  options  exist  under  System  6, 
as  described  below: 

•  Separator  effluent  solids  that  are  pumpable  may  be  removed 
via  temporary  storage  by  a  vacuum  truck. 

•  Solids  that  are  not  pumpable  must  be  removed  from  the 
processing  site  by  a  conveyor  or  clamshell,  and  placed  in 
a  lined  dump  truck  for  removal. 

Critical  equipment  elements  for  Systemb  are  shown  in  Table 
15. 


FIGURE  *4.  SYSTEM  6,  SCENARIO 


TABLE  15.  SYSTEM  6:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item 

No.* 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  O&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

workboat 

606 

20 

80,000 

5,600 

4,000 

1 

barge 

608 

20 

150,000 

5,000 

8,000 

2 

centrifugal 
solids  pump 
(4MF-11) 

1019 

10 

8,600 
(  4,300)* 

600 

430 

1 

centrifugal 
solids  pump 
(8MF-15) 

1019 

10 

13,800 

1,000 

700 

16 

temp,  storage  tank 
(9  ft  dia  x 

8  ft  high) 

302 

20 

32,000  . 

(  2,000) f 

3,000 

1,600 

1 

large  shore  tank 
(30  ft  dia  x 

12  ft  high) 

302 

20 

9,500 

1,000 

500 

200 

ft 

8-in  pipeline  and 
floats 

1101 

5 

9,800 
(  49)  + 

-  0  - 

-  0  - 

1 

liquids/solids 

separator 

1304 

10 

30,000 

1,500 

1,500 

1 

crane 

810 

10 

12,500 

750 

600 

1 

conveyor 

903 

5 

7,710 

500 

400 

1 

vacuum  tank 

503 

10 

20,000 

2,000 

1,000 

1 

truck-tractor 

514 

10 

59,000 

6,000 

4,000 

1 

dump  truck 

501 

10 

50,000 

3,700 

2,500 

contingency  (10%) 

— 

— 

48,291 

-- 

-- 

Life  Cycle  Cost 
Total  Annual  Cost  = 

$1,001,425 
$  30,650 

♦Appendix  D. 
tUnlt  costs. 
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Oils  Which  Can  and  Cannot  Be  Handled-- 

For  Groups  III  and  V,  see  System  5.  Spill  mass  characterized 
by  oil  fractions  present  in  high  concentrations  relative  to  the 
debris  fraction  may  not  be  processed  by  liquid/solid  separation. 
Under  such  conditions,  the  separation  step  is  omitted,  and  the 
oil/solid  mixture  is  transported  to  an  off-site  facility  or 
disposed  on-site  as  described  in  System  5. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 
See  System  5. 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 
The  existing  technical  applications  of  on-site  liquids/ 
solids  separation  are  documented  through  interviews  with  equip¬ 
ment  manufacturers.  All  critical  elements  for  the  various  sys¬ 
tem  options  in  System  6  are  available  on  the  commercial  market, 
and  may  be  readily  assembled  into  a  well-defined  portable  system 
for  transport  to  the  recovery  site. 

Environmental  Impacts  of  System  Operation  and  Mitigation  Measures-- 
See  System  5. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  16  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  included  in  System  6. 

TABLE  16.  SYSTEM  6:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  element 

Item  no. 

JLifil 

H  ("0 

DiS) 

VeiqhUkg)  f'OjL 

Workboat  ( 1 ) 

606 

11.73 

5.03 

1.60 

- 

31,750 

E- 15 

Barge  (1) 

60S 

32.31 

7.92 

2.69 

- 

90.710 

E  - 16 

Centrifugal  solids 

1019 

1.34 

0.82 

0.64 

- 

180 

pump  (4MF-11)  (2) 

Centrifugal  solids 

1019 

1.97 

0.95 

1 .00 

- 

480 

pump  (8MF-15)  (1) 

Open-top  tank 

302 

1.2 

3.0 

0.3 

- 

885 

1-2 

( in  envelopes!  (16) 

Large  shore  tank 

302 

1.2 

3.0 

1.2 

- 

2.700 

t-2 

(in  envelopes)  (1 ) 

B-ft  pipeline 

1101 

61.00 

- 

• 

0.203 

799 

L iquid/snl ids 

1304 

3.90 

1.70 

1.10 

1.200 

E-23 

separator  (1) 

Crane  (1) 

810 

8.70T 

. 

10.00’ 

- 

2.110 

E- 1 7 

Conveyor  ( 1 ) 

903 

Var 

- 

- 

0.25 

Var 

E- 19 

Vacuum  tank  (1) 

503 

9.80 

2.43 

3.35 

- 

7,484 

f-8 

Truck- tractor  (1) 

514 

5.98 

2.44 

2.98 

- 

19.800 

E- 10 

Dump  truck  (1) 

501 

5.10 

2.43 

1.80 

- 

2.358 

E-7 

♦For  conceptual  drawing,  see  figure  number  Indicated,  Appendix  f 
tKey  dimensions:  L  ■  lateral  reach;  H  •  lift  distance. 


Transportability  by  Existing  Coast  Guard  Vessel  and  Aircraft 
Capabi 1 i ty-- 

Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels, and  the  transportability 
of  equipment  included  in  System  6. 

Transportabi 1 i ty  by  Means  Other  Than  Coast  Guard  Vessel 
and  Aircraft-- 

See  Appendix  F. 

Special  Requ i rements -- 

The  limiting  elements  in  System  6  are  trucks  (Item  Nos. 

503  and  506),  which  cannot  be  transported  to  field  sites  by 
sea  or  air.  Where  roads  are  not  established,  debris  transfer 
may  be  conducted  at  alternate  sites  by  ship  or  lifting  aircraft 
such  as  skycranes. 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  included  in  System 
6.  During  simultaneous  operation  of  all  equipment  elements,  it 
is  estimated  that  a  maximum  of  10  persons  is  required  as  crew, 
including:  workboat  -  1,  barge  -  1,  crane  -  2,  pump  -  1,  con¬ 

veyor  -  1,  tank  -  1,  liquid/solids  separator*-  1,  trucks  -  2. 
Additional  support  transport  may  be  required  for  transporting 
the  crew  to  the  field  of  operation. 

Diesel  fuel  must  also  be  provided  for  operation  of  the  pump, 
crane,  and  workboat.  These  units  are  provided  with  limited  fuel 
storage  for  prolonged  operations;  a  small  tank  truck  may  be 
required  for  bringing  additional  fuel  to  the  site. 

System  7 

System  7  is  defined  as  follows  (Figure  15): 

An  on-shore  recovery  device  (such  as  a  bucket  loader 
or  crane  with  clamshell)  deposits  contaminated  soils  or 
sands  into  lined  dump  trucks.  If  the  recovered  material 
is  a  slurry,  it  is  pumped  into  temporary  storage  by  1019 
pumps  and  then  loaded  into  a  vacuum  track  for  transport 
to  off-site  processing.  Otherwise,  material  is  passed 
through  a  solid/liquid  separator  as  described  in  System  6. 

All  spill  mass  handling,  treatment,  and  disposal  options  included 
in  Systems  5  and  6  are  also  included  in  System  7.  Costs  of  cri¬ 
tical  equipment  elements  are  shown  in  Table  17. 

Oils  Which  Can  and  Cannot  Be  Handled-- 
See  System  6. 
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FIGURE  15.  SYSTEM  7,  SCENARIO  G. 


TABLE  17.  SYSTEM  7  :  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Estimated 
Item  Life 

No.*  (Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  O&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

tractor  with 
backhoe 

1001 

10 

24,000 

2,400 

1,200 

1 

crane  with 
clamshell 

810 

10 

12,500 

750 

600 

1 

centrifugal 
solids  pump 
(8MF-15) 

1019 

10 

13,800 

1,000 

700 

1 

open-top  tank 
(30  ft  dia  x 

12  ft  high) 

302 

20 

9,500 

1,000 

500 

1 

liquids/solids 

separator 

1304 

10 

30,000 

1,500 

1,500 

1 

conveyor 

903 

5 

7,710 

500 

400 

1 

dump  truck 

501 

10 

50,000 

3,700 

2,500 

1 

vacuum  tank 

503 

10 

20,000 

2,200 

1,000 

1 

truck-tractor 

514 

10 

59,000 

6,000 

4,000 

contingency  (10%) 

— 

— 

22,651 

-- 

— 

Life  Cycle  Cost 
Total  Annual  Cost 

=  $618,683 
=  $  19,050 

♦Appendix  D. 


Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 
See  System  6. 

Technical  Feasibility  of  Development  Including  Criteria  Elements- 
See  System  6. 

Environmental  Impacts  of  System  Operations  and  Mitigation 
Measures-- 

See  System  5.  Potential  impacts  associated  with  water-to- 
shore  transfer  of  oil-soaked  solids  are  not  a  problem,  however. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  18  shows  the  dimensions  and  weights  of  each  equipment 
element  included  in  System  7. 


TABLE  18.  SYSTEM  7:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  element 

Item  no. 

i  M 

W  (m) 

H  (m) 

0  (m) 

Welqhtlkq) 

Fiq.* 

E  -  32 

Tractor  with  backhoe 

1001 

4.5? 

2.26 

3.76 

4,540 

Crane  with  clamshell 

810 

8.70T 

. 

!0.00+ 

- 

2,110 

E  - 1 7 

Solids  pump  ♦  motor 

1019 

1.97 

0.95 

1.00 

- 

480 

Tank,  storage  (1) 

302 

1.2 

3.0 

0.3 

. 

2,700 

E-2 

Truck,  dump 

501 

5.10 

2.43 

1.80 

. 

2,358 

E-7 

Liquids/sol  ids 

1304 

3.90 

1.70 

1.10 

- 

1.200 

E-23 

separator 

Conveyor 

903 

Var. 

. 

0.25 

Var. 

E-19 

Vacuum  tank 

503 

9.80 

2.43 

3.35 

. 

7,484 

E-8 

Truck  tractor 

514 

5.98 

2.44 

2.98 

. 

19,800 

E-10 

*For  conceptual  drawing,  see  figure  number  Indicated.  Appendix E. 
tKey  dimensions:  L  •  lateral  reach,  H  •  lift  distance. 


Transportability  by  Existing  Coast  Guard  Vessel  and  Aircraft 
Capabi 1 i ty  — 

See  Appendix  F. 

Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Ai rcraft-- 

See  Appendix  F. 

Special  Requi remen ts-- 

See  Systems  5  and  6. 

SCENARIO  H  -  OIL  ONLY  (SLUDGE  OR  SEDIMENT,  INORGANIC  SORBENTS 
MIX),  STORMY  WEATHER,  AIR  TEMPERATURE  COLD 

This  scenario  differs  from  Scenario  G  in  that  the  ambient 
air  temperature  is  at  or  below  0°C.  The  high  viscosity  of 
1,000  m3  of  petroleum  products  at  0«C  (about  100,000  centistokes) 
is  such  that  conventional  pumping  techniques  using  positive 
displacement  pumps  are  not  applicable.  The  use  of  a  pipeline 
to  shore,  discussed  in  Scenario  G,  System  5,  is  therefore  not 
possible . 


The  most  practical  means  of  transfer,  either  into  portable 
tanks  or  onto  the  deck  of  a  barge  or  workboat,  is  with  a  conveyor. 
Accordingly,  a  tubular  conveyor,  similar  to  the  one  identified 
in  Scenario  G,  System  6,  is  a  practical  solution.  Since, the 
objective  of  this  recovery  system  is  to  transfer  1,000  m3  in  a 
reasonable  time  period,  it  is  assumed  that  the  tube  contains 
chain-connected  circular  flights  about  76.2  cm  (30  in)  on  centers. 
For  a  chain  speed  of  1.25  ft/sec  (75  ft/min),  the  volumetric 
delivery  rate  is  30  cfm.  The  time  period  for  transfer  of  1,000  m3 
is  therefore: 

t  =  =  1  >-0-°Q_X35  J.i  =  1>177  min  (m20  hr) 

This  would  not  appear  to  be  an  unreasonably  long  time  for  recovery 
of  over  35,000  ft3  of  fairly  dense  matter. 

In  estimating  the  power  requirement,  the  following  assump¬ 
tions  are  made: 

Density  of  spill  mass,  y  =  120  lb  ft^ 

Coefficient  of  friction  on  walls  of  duct,  y  =  0.65 

Total  height  solids  must  be  transferred,  h  =  20  ft, 

(in  a  distance  of  75  ft) 

•  Work  done  (per  min)  to  overcome  friction  (velocity  = 

75  ft/min) 

“l  (30  mfw)  (>2°  ^3)  <°'65>  <75> 

Wj  =  175,500  ft-lb/min 

•  Work  done  (per  min)  to  raise  solids  20  ft 


W2  =  72,000  ft-lb/min 
Total  W  =  247,500  ft  lb/min 

Assuming  the  overall  efficiency  of  the  chain  drive  system  is 
50  percent,  the  power  requirement  is: 

W  _  247,500  _  1  c  u_ 

Po  ‘  33,000  "  33,000  (0.17  "  15  hp 

Use  of  a  20-25  hp  drive  motor  appears  to  be  sufficient. 
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System  6  is  therefore  recommended  for  handling  oil/debris 
mixtures  under  conditions  anticipated  for  Scenario  H. 

SCENARIO  M  -  OIL/ORGANIC  SOLIDS  MIX,  CALM  WEATHER,  WARM  AIR 
TEMPERATURE 

Scenario  M  is  defined  as  follows: 

Oil  mixed  with  large  amounts  of  organic  solids  (seaweed, 

storm  debris,  organic  sorbents).  The  environmental  condi¬ 
tions  include  calm  weather  and  warm  air  temperatures. 

Oils  considered  under  Scenario  M  include  the  five  groups  as 
defined  in  Appendix  A.  Environmental  conditions  include  a 
moderate  air  temperature  of  from  15  to  25°C.  Typically,  the 
total  spill  mass  volume  can  be  as  much  as  100  times  the  volume 
of  the  original  spilled  component. 

The  debris  materials  described  by  Scenario  M  include  sea 
grass,  seaweed,  driftwood,  flotsam,  organic  sorbents,  and  mis¬ 
cellaneous  floatable  debris. 

General  S y s terns 

Recovery  operations  by  an  off-shore  vessel  similar  to  the 
modified  YSD  Coyote  or  Raccoon  (used  by  the  Corps  of  Engineers, 
Sausalito,  California)  have  occurred.  A  low-mounted  chain-link 
debris  net  about  6  m  (20  ft)  wide  and  capable  of  lifting  about 
10,000. kg  (10  tons)  is  used  for  picking  up  the  spill  mass.  The 
volumetric  ratio  of  solids  to  oil  has  been  taken  as  100:1  in 
hypothetical  spill  events  (worst  case). 

If  open-top  roll-offs  are  employed  for  temporary  storage, 
on-board  washing,  and  separation  (screening  and  draining),  it 
is  first  essential  to  consider  the  possibility  that  more  than  one 
separation  is  involved.  For  instance,  the  afterdeck  of  a  recovery 
vessel,  such  as  the  Coyote  (YSD),  is  capable  of  holding  six  open- 
top  roll-offs  (total  capacity,  about  205m3).  No  fewer  than  18 
boat-loads  of  spill  mass  are  therefore  required,  in  order  that 
the  initial  oil/solids  separation  by  washing,  screening,  and 
draining  be  accomplished. 

Consideration  has  been  given  to  inserting  a  plastic  liner 
in  the  midship  tanks  of  a  barge  (SW0B-1)  and  placing  the  spill 
mass  there.  Assuming  that  the  entire  volume  (desk-to-gunwal e 
height  of  1.6  m  and  about  163  m2  of  deck  area)  is  available, 
about  262  m3,  more  than  the  combined  volume  of  the  above  six  roll¬ 
offs,  is  provided.  Economics,  in  terms  of  lower  capital  outlay, 
may  also  make  this  alternative  attractive,  especially  since  15, 
rather  than  18,  off-loading  trips  would  be  involved. 
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Roll-off  bins  are  superior  to  open-top  cylindrical  tanks 
of  the  type  recommended  in  Scenario  A,  because  of  the  smaller 
deck  space  required.  They  can  also  be  off  loaded  to  dock-site 
by  crane. 

Assuming  the  average  density  of  the  recovered  solids  to  be 
about  500  kg/m^,  each  pick-up  will  yield  a  volume  of  about 
20  m^  (700  ft3).  Thus,  about  190  separate  pickups  are  entailed 
in  recovery  of  the  entire  spill.  Assuming  that  each  pickup 
takes  1/2  hr. and  that  two  are  required  in  order  to  fill  a  single 
roll-off  bin,  then  all  eight  roll-offs  on  board  may  be  filled 
within  a  12-hr  period.  Total  recovery  is  therefore  estimated 
to  occupy  about  1  wk,  unless  more  than  one  recovery  vessel  and 
one  auxiliary  barge  are  involved. 

Figure  16  shows  how  debris  materials  are  then  transferred 
to  shore  and  stockpiled,  or  moved  directly  to  trucks  for  transfer 
to  off-site  processing.  Onshore  treatment  options  include 
washing  or  screening  of  the  debris  to  remove  excess  oil.  For 
certain  organic  debris  materials  (such  as  driftwood),  a  shredder 
or  chipper  may  be  used  to  reduce  the  solid  material  size  and 
increase  transportation  or  disposal  efficiency.  Oil-soaked  chips 
or  other  organic  fines  resemble  spill  masses  discussed  under 
Scenario  G, and  may  be  further  processed  by  equipment  described 
by  Systems  5,  6,  or  7,  or  immediately  disposed  of. 

System  8 

System  3  is  defined  as  follows  (Figure  17): 

Materials  from  the  primary  off-shore  recovery  vessel 
(PRV)  are  placed  into  portable  bins  with  screened  openings 
on  the  deck  of  a  workboat.or  into  a  barge  or  small  crane- 
liftable  scows  towed  by  a  workboat.  Some  oils  may  be 
removed  from  the  solid/liquid  mixture  by  on-board  separation. 
Removed  fluids  are  transferred  to  shore  in  a  similar  manner 
as  described  under  Scenario  A.  The  debris  is  then  trans¬ 
ferred  to  shore.  A  crane  with  a  clamshell  may  be  used  to 
remove  the  solid  debris  from  the  bins,  barge,  or  scows,  or 
the  bins  or  scows  may  be  transferred  by  crane  to  shore. 

The  materials  may  then  be  temporarily  stockpiled  on  shore 
using  liners, or  placed  into  a  lined  dump  truck  for  removal 
to  an  off-site  facility.  If  the  materials  are  in  portable 
bins  or  small  scows,  these  may  be  placed  directly  onto  a 
flatbed  truck  or  stake  truck  without  need  for  direct 
debri  s  rehandl ing . 
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SINGLE  ON  MULTIPLE 


FIGURE  16.  SCENARIOS  M  THROUGH  R:  GENERAL  EXISTING  SYSTEMS  FOR  STORAGE,  TRANSFER,  AND 
TRANSPORT  OF  RECOVERED  SPILL  MASSES. 


The  alternatives  included  in  System  8  actually  describe 
several  system  options  for  the  transfer  of  spill  mass  to  shore 
and  transport  to  off -site  disposal  facilities: 

Transfer  to  shore 

t  Portable  bins  on  the  deck  of  a  workboat 

•  Barge  towed  by  a  workboat 

•  Small  c ra ne - 1 i f tab  1 e  scows  towed  by  a  workboat. 

Transfer  to  off-site  facility 

•  Crane  with  clamshell  -  temporary  storage  -  lined  dump 
truck 

•  Crane  lift  to  flatbed  truck. 

Table  19  shows  the  critical  equipment  elements  for  System  8. 

System  8  total  life  cycle  cost  and  annual  cost  are  $1,533,569 
and  $48,520,  respectively.. 

Oils  Which  Can  and  Cannot  Be  Handled-- 

System  8  is  designed  to  handle  any  of  the  oils  which  are 
included  in  the  groups  defined  in  Appendix  A,  and  may  be  adhering 
to  the  recovered  solid  debris  described  by  Scenario  M.  The  oils 
in  Groups  I,  IV,  and  V  are  usually  volatile  and  may  present 
special  handling  problems.  However ,  experience  has  shown  that 
once  the  fuel  has  adhered  to  debris  ma ter i a  1 s.  and  the  debris 
materials  are  collected,  the  fuels  may  have  weathered  suffi¬ 
ciently  to  reduce  the  initial  volatility. 

Difficulties  may  also  be  encountered  with  the  oils  in  Groups 
III  and  V  during  the  on-board  separation  and  subsequent  onshore 
treatment  of  drained  fluids.  Factors  controlling  these  operations 
are  discussed  in  this  section  under  0n-5ite  Treatment  of  Fluids. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 

The  controlling  factor  of  System  8,  in  terms  of  volumetric 
capacity  are  the  1 oad i nq/ uni oad i ng  rate  and  storage  capacity  of 
the  over-water  transport  vessels.  In  maximum  volume  operations, 
it  is  anticipated  that  most  of  the  material  may  be  contained  in 
some  manner  for  a  period  of  days  (e.g.,  behind  a  dike  or  floating 
boom).  This  would  allow  for  multiple  transfers  of  debris  from 
the  point  of  collection  to  the  transfer  point.  Assuming  18  trans¬ 
fers  of  debris-laden  transports  in  a  period  of  several  days  ,  a 
total  of  up  to  3,800  m3  of  oil  plus  solid  debris  could  ideally 
e  accommodated  . 
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TABLE  19.  SYSTEM  8:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item 

No.* 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

collection 

vessel 

604 

20 

390,000 

15,000 

19,500 

1 

workboat 

606 

20 

80,000 

5,600 

4,000 

1 

barge 

608 

20 

150,000 

5,000 

8,000 

20 

scows 

603 

10 

20,000 
(  2,000)+ 

200 

100 

2 

centrifugal 
pump  and  motor 

016 

10 

12,600 
(  6,300)f 

600 

120 

6 

open-top  roll¬ 
off  bins 

515 

10 

18,000  . 

(  3,000)r 

300 

3,000 

2 

oil /water 
separator 

213 

20 

27,800 
(  13,900)+ 

3,000 

1 ,400 

40 

portable  tanks 

304 

10 

36,000 
(  900 )+ 

6,500 

1 ,500 

1 

temp,  storage  tank 
(30  ft  dia  x 

12  ft  high) 

302 

20 

9,500 

1,000 

500 

1 

crane 

810 

10 

12,500 

750 

600 

1 

flatbed  trailer 

513 

10 

8,700 

870 

400 

1 

truck-tractor 

514 

10 

59,000 

6,000 

4,000 

1 

dump  truck 

501 

10 

50,000 

3,700 

2,500 

contingency  (10%) 

— 

— 

87,410 

— 

— 

Life  Cycle  Cost  = 
Total  Annual 1  Cost  = 

$1,533 
$  48 

,  569 
,520 

♦Appendix  D. 
tUnit  costs. 
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Technical  Feasibility  of  Development  Including  Critical  Eleinents- 

The  method  of  debris  management  described  by  System  8  is 
presently  in  practice  in  major  harbors  throughout  the  world  to 
maintain  navigable  waterways  and  moorages.  All  critical  elements 
for  this  system  are  available  on  the  market, and  may  be  readily 
assembled  into  a  well-defined  system  for  operation  at  ocean  or 
lake  recovery  sites. 

Portability  of  some  of  the  equipment  included  in  options 
under  System  9  is  questionable.  The  barge  and  large  workboat 
must  be  brought  from  their  present  moorings  to  the  site  of  opera¬ 
tion  via  navigable  waterways,  yet  other  portable  vessels  can  be 
substituted.  The  small  crane-1 i f table  scows  and  the  workboat 
may  be  trailered  or  air-lifted  into  the  site  of  operation. 

Environmental  Impacts  of  System  Operation  and  Mitigation  Measures 

Environmental  impacts  may  occur  at  any  of  several  points 
along  the  flow  of  debris  handling: 

•  During  shipboard  handling-processing  of  the  collected 
debris 

•  At  water-to-shore  transfer  of  the  oil -soaked  solids 

•  From  stockpiling  of  debris  on  shore,  which  creates  a 
potential  for  leaching  of  oils  into  surrounding  soils  or 
run-off  of  fluids  into  adjacent  watercourses. 

The  potential  for  accidental  redischarge  of  spill  mass  materials 
back  into  the  water  or  soils  is  always  a  problem  during  spill 
cleanup  operations.  However,  the  benefits  realized  from  accep¬ 
ting  this  risk  far  outweigh  the  probable  environmental  contamina¬ 
tion  which  would  result  if  nothing  were  done  at  all. 

To  minimize  the  potential  for  re -con tam i na t i on  through  ship¬ 
board  processing,  the  ship  should  be  present  in  the  immediate 
area  of  containment.  This  will  enable  booms,  skimmer  devices, 
and  debris  recovery  craft  to  respond  and  easily  contain  any 
secondary  discharges. 

The  potential  for  further  water  contamination  from  drippings 
or  spillage  during  water-to-shore  transfers  of  debris  cargos  may 
be  minimized  by  placing  an  oil  containment  boom  in  the  water 
around  the  off-loaded  vessel  and  the  swing  radii  of  the  off¬ 
loading  cranes. 

Sunlight-resistant  membrane  liners  should  be  placed  under 
any  debris  to  be  stockpiled  prior  to  delivery  to  an  off-site 
facility.  To  ensure  that  no  leaching  of  oil  to  the  underlying 
soils  occurs,  the  ground  surface  should  be  smoothed  off  and 
cleared  of  any  rocks  or  branches  which  might  penetrate  the  mem¬ 
brane.  If  the  debris  to  be  stockpiled  is  jagged  and  irregular. 
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it  may  be  best  to  apply  a  bed  of  straw,  sand,  or  some  other 
cushioning  agent  over  the  liner  to  prevent  puncture. 

When  oily  debris  is  stockpiled  in  the  open,  rainwater  could 
tend  to  leach  oils  into  nearby  soils,  streams  or  waterways.  This 
can  be  prevented  by  covering  the  debris  with  plastic  or  water¬ 
proof  tarps  and  erecting  a  small  berm  around  the  pile.  Ditches 
or  berms  provide  drainage  control  and  collect  runoff  which  can 
be  impounded  or  pumped  into  storage  tanks  for  later  treatment. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  20  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  included  in  System  8. 

TABLE  20.  SYSTEM  8:  DIMENSIONS  AND  WEIGHTS  OF 


CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  element 

Item  no.  [_  (m) 

W  (m) 

Hjm)  . 

Weight (kg) 

Fig.* 

Recovery  vessel 

604 

29.59 

10.85 

2.13 

218,450 

E- 13 

Workboat 

606 

11.73 

5.03 

1.60 

31.750 

E  - 1 5 

8arge 

608 

32.31 

7.92 

2.59 

90,710 

E  - 1 6 

Oil /water  separator 

1213 

3.86 

2.08 

1.50 

1,910 

E-22 

Centrifugal  pump  + 

1016 

1.50 

0.45 

0.60 

184 

E-21 

motor 

Portable  tanks 

304 

1.07 

1.20 

1.80 

165 

E-4 

Crane 

810 

8.70 

t 

10.00+ 

2,110 

E- 17 

Open- top  roll-offs 

515 

6.78 

2.24 

2.29 

3,764 

E-ll 

Open-top  storage 

302 

1.2 

3.0 

1.2 

2.700 

E-2 

tanks  (in  envelope) 

Dump  truck 

501 

5.1 

2.43 

1 .80 

2,358 

E-7 

Flat  bed  trailer 

513 

13.0 

2.64 

1.20 

4,590 

E-9 

Scow 

603 

4.27 

2.44 

0.54 

272 

E- 12 

Truck-tractor 

514 

5.98 

2.44 

2.98 

19,800 

E  - 1 0 

*For  conceptual  drawinc 
tKey  dimensions:  L  =  1 

i,  see 
lateral 

figure  indicated.  Appendix E. 
reach,  H  =  lift  distance. 

Transportability  by  Existing  Coast  Guard  Vessels  and  Aircraft 
Capabi 1 i ty  — 

Appendi x  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels  and  transportability  of 
equipment  included  in  System  8. 

Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Ai rcraf t-- 

See  Appendi  x  F  . 

Special  Requirements-- 

The  limiting  element  in  System  8  is  the  barge  (Item  No. 
608)  which  requires  towing  to  the  site  by  either  the  recovery 


vessel  or  a  workboat.  The  crane  may  be  mounted  on  the  flatbed 
truck,  provided  that  the  legal  height  limits  are  not  exceeded. 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  included  in  System  8. 
During  simultaneous  operation  of  all  equipment  elements,  it  is 
estimated  that  a  maximum  of  seven  persons  are  required  as  crew, 
including:  barges  -2,  crane  -  1,  pump  -  1,  storage  tank  -  1, 
trucks  -  2.  Additional  support  may  be  required  for  transporting 
the  crew  to  the  field  of  operation. 

Diesel  fuel  must  also  be  provided  for  operation  of  the  work- 
boat  and  crane.  Pumps  1015  and  1016  may  also  be  d i esel -powered . 
These  units  are  provided  with  limited  on-board  fuel  storage.  For 
prolonged  operations,  a  small  tank  truck  may  be  required  for 
bringing  additional  fuel  to  the  site. 

System  9 

System  9  is  defined  as  follows  (Figure  18): 

Thr  recovered  spill  mass  from  the  primary  recovery 
vessel  (PR'O  is  placed  in  a  barge  equipped  with  a  membrane 
liner,  similar  to  System  8.  Washing,  screening,  and  drain¬ 
ing  take  place  onshore  and  liquid  effluent  is  submitted 
to  additional  on-site  treatment.  Solids  from  the  washing 
and  draining  operation  are  either  temporarily  stockpiled  or 
loaded  directly  into  a  lined  dump  truck  by  a  crane  equipped 
with  clamshell,  and  are  transported  to  an  off-site'  facility. 
Alternatively,  the  debris  is  lifted  into  smaller  portable 
containers,  which  are  then  loaded  onto  flatbed  truck(s) 
and  transported  off  site. 

Table  21  shows  the  critical  equipment  elements  for  System  9.  The 
system  life  cycle  and  annual  costs  are  $1,370,810  and  $41,320, 
respecti vel y . 

Oils  Which  Can  and  Cannot  Be  Handled-- 
See  System  3. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 
See  System  8. 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 
See  System  8. 

Environmental  Impacts  of  System  Operations  and  Mitigation  Measures-- 
See  System  8. 
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SYS 


TABLE  21  . 

SYSTEM 

9  :  CRITICAL  EQUIPMENT  ELEMENTS 

Qty 

Equipment 

Element 

Item* 

No. 

Estimated 

Life 

(Yr) 

Capital 

Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

l 

collection 

vessel 

604 

20 

390,000 

15,000 

19,500 

1 

workboat 

606 

20 

80,000 

5,600 

4,000 

1 

barge 

608 

20 

150,000 

5,000 

8,000 

1 

centrifugal 
pump  and  motor 

1016 

10 

6,300 

300 

60 

1 

crane 

810 

10 

12,500 

750 

600 

1 

temp,  storage  tank 

302 

20 

9,500 

1,000 

500 

6 

open-top  roll¬ 
off  bins 

515 

10 

18,000 
(  3,000)t 

300 

3,000 

1 

washing  equip. 

1401 

10 

3,615 

400 

180 

1 

flatbed  trailer 

513 

10 

8,700 

870 

400 

1 

truck-tractor 

514 

10 

59,000 

6,000 

4,000 

1 

l 

dump  truck 
tractor 

contingency  (10%) 

501 

2001 

10 

10 

50,000 

24,000 

81,162 

3,700 

2,400 

2,500 

1,200 

Life  Cycle  Cost  = 
Total  Annual  Cost  = 

$  1,370 
$  41 

,810 

,320 

♦Appendix  D. 
tUnlt  costs. 
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Approximate  Size  and  Weight  of  the  Equipment-- 

Table  22  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  included  in  the  system.  Plans  for  each 
el ement  are  shown  in  the  indicated  figures. 


TABLE  22. 

SYSTEM 

CRITICAL 

9:  DIMENSIONS  AND 
EQUIPMENT  ELEMENTS 

WEIGHTS 

OF 

Equipment  element 

Item  no. 

kilDl 

W  (m) 

H  (m) 

_D_ 

Weiqht(kq)  Fig.* 

Recovery  vessel 

604 

29.59 

10.85 

2.13 

218,450 

E- 13 

Workboat 

606 

11.73 

5.03 

1.60 

31  ,750 

E-15 

Barge 

608 

32.31 

7.92 

2.59 

90,710 

E-16 

Centrifugal  pump  +  motor 

1016 

1.50 

0.45 

0.60 

184 

E-21 

Tractor 

2001 

4.57 

2.26 

3.76 

- 

4,540 

E-32 

Wash  equipment 

1401 

1.25 

.64 

1.18 

_ 

238 

E- 34 

Crane 

1810 

8.70  + 

- 

10.00+ 

_ 

2,110 

E- 17 

Open-top  roll-offs 

515 

6.78 

2.24 

2.29 

_ 

3,764 

E- 11 

Open-top  storage 
tanks  (in  envelope) 

302 

1.2 

3.0 

1.2 

- 

2,700 

E-2 

Dump  truck 

501 

5.1 

2.43 

1.80 

2,358 

E-7 

Flat  bed  truck 

513 

13.0 

2.64 

1.20 

_ 

4,590 

E-9 

Truck  tractor 

514 

5.98 

2.44 

2.98 

- 

19,800 

E-10 

*For  conceptual  drawing,  see  figure  indicated,  Appendix  E. 
+Key  dimensions:  L  =  lateral  reach,  H  =  lift  distance. 


Transportability  by  Existing  Coast  Guard  Vessels  and  Aircraft 
Capabi 1 i ty  — 

Appendi x  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels,  and  the  transportability  of 
the  equipment  included  in  System  9. 

Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Ai rcraf t-- 

See  Appendix  F. 

Special  Requirements-- 

The  limiting  element  in  System  9  is  the  barge  (Item  No.  608), 
which  requires  towing  to  the  site  by  either  the  recovery  vessel 
or  a  workboat.  The  crane  (Item  No.  810)  may  be  mounted  on  the 
flatbed  truck,  provided  that  the  overall  height  limit  is  not 
exceeded . 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  included  in  System 
9.  During  simultaneous  operation  of  all  equipment  elements,  it 
is  estimated  that  a  maximum  of  seven  persons  is  required  as  crew, 
including:  barge  -  2,  crane  -  1,  pumps  -  1,  storage  tanks  -  1, 
truck  -  2.  Additional  support  transport  may  be  required  for 
transporting  the  crew  to  the  field  of  operation. 


75 


Diesel  fuel  must  also  be  provided  for  operation  of  the 
workboat  and  crane.  Pumps  may  also  be  d i esel -powered .  These 
units  are  provided  with  limited  on-board  fuel  storage.  For 
prolonged  operations,  a  small  tank  truck  may  be  required  for 
bringing  additional  fuel  to  the  site. 

System  10 

System  10  is  defined  as  follows  (Figure  19): 

Material  is  collected  from  offshore  or  onshore  opera¬ 
tions  in  a  manner  identical  to  that  described  in  System  9. 

The  spill  mass  is  predominantly  small  wood  solids,  so 
on-site  separation  or  washing  is  not  warranted.  Instead,  the 
material  is  transferred  to  a  shredder  or  chipper.  The 
reduced  mass  is  then  stored  and  processed  as  indicated  for 
fine  solids  in  Scenario  G, or  is  taken  to  off-site  disposal 
si te( s)  . 

As  in  System  9,  two  shore -to -o f f -s i te  transport  modes  are 
included  in  this  system.  Solids  from  the  chipper  or  shredder 
are  stockpiled  tempora r i 1 y,  or  loaded  directly  into  a  lined  dump, 
or  placed  into  smaller  portable  containers,  loaded  onto  flatbed 
trucks,  and  transported  to  an  off-site  facility. 

Critical  equipment  elements  of  System  10  are  shown  in 
Table  23.  The  total  life  cycle  and  annual  costs  for  the  system 
are  $1,717,679  and  $50,270,  respectively. 

Oils  Which  Can  and  Cannot  Be  Handled-- 

The  limiting  factor  in  the  handling  of  o  i  1 -contami nated 
debris  is  the  potential  for  generating  explosive  fumes  in  the 
chipping  or  grinding  chambers.  Debris  contaminated  with  oils 
from  oil  Groups  II  and  III  (see  Appendix  A)  should  present  no 
problem.  Debris  which  is  impregnated  with  large  volumes  of  oils 
belonging  to  Groups  I,  IV,  or  V,  should  not  be  handled  by  System 
10.  A  safe  technique  is  to  de-oil  the  debris  prior  to  the 
chipping  or  grinding  (see  System  11). 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 

Large  shredder  units  can  handle  between  38  and  76  m3/hr 
(50  and  100  yd3/hr)  or  between  (6.3  and  22.5  t/hr)  (7  and  25  tons/ 
hr).  Chippers  have  similar  capacities.  Based  on  a  4-day  proces¬ 
sing  operation  of  8  hr/day,  this  would  indicate  a  maximum  of 
more  than  1  million  m3  (based  on  the  volumetric  estimate)  which 
could  be  processed  during  the  operation.  Other  transfer  and 
storage  limitations  affecting  System  10  are  discussed  under 
System  9  and  indicate  that  3,800  m3  is  the  limiting  volume. 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 
The  chipper  and  grinder  recommended  for  this  system  are 
each  portable  to  the  site  as  trailerable  units.  All  other 
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SYSTEM  10,  SCENARIO 


TABLE  23.  SYSTEM  10:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item 

No.* 

Estimated 

Life 

(Yr) 

Capital 

Cost 
(1978  $) 

Approximate 
Annual  O&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

l 

collection 

vessel 

604 

20 

390,000 

15,000 

19,500 

l 

workboat 

606 

20 

80,000 

5,600 

4,000 

I 

barge 

608 

20 

150,000 

5,000 

8,000 

l 

shredder 

1701 

10 

50,000 

3,700 

2,500 

l 

chipper 

1704 

10 

89,000 

5,650 

4,500 

l 

centrifugal 
pump  and  motor 

1016 

10 

6,300 

300 

60 

l 

crane 

810 

10 

12,500 

750 

600 

l 

temp,  storage  tank 

302 

20 

9,500 

1,000 

500 

6 

open-top  roll¬ 
off  bins 

515 

10 

18,000 
(  3,000)t 

300 

3,000 

1 

flatbed  trailer 

513 

10 

8,700 

870 

400 

1 

truck-tractor 

514 

10 

59,000 

6,000 

4,000 

1 

1 

dump  truck 
tractor 

contingency  (10%) 

501 

2001 

10 

10 

50,000 

24,000 

94,700 

3,700 

2,400 

2,500 

1,200 

Life  Cycle  Cost  = 
Total  Annual  Cost  = 

$  1,717 
$  50 

,679 

,270 

♦Appendix  D. 
tUnit  costs. 


equipment  included  in  this  system  is  also  included  in  System  9. 
All  critical  elements  are  available  on  the  market  and  may  be 
readily  assembled  into  a  well-defined  system  for  transport  to 
a  recovery  site. 

Environmental  Impacts  of  the  System  Operations  and  Mitigation 
Measures-- 

See  System  9. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  24  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  10.  Plans  for  each  element  are 
shown  in  the  indicated  figures. 

Transportability  by  Existing  Coast  Guard  Vessels  and  Aircraft 
Capability-- 

Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels, and  the  transportability 
of  the  equipment  included  in  System  10. 


TABLE  24.  SYSTEM  10:  DIMENSIONS  AND  WEIGHTS  OF 


CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  Element 

Item  No. 

L  Cm) 

W  (m) 

HJ5S) 

Weight  (kg) 

Fig. 

Recovery  vessel 

604 

29.59 

10.85 

2.13 

218,450 

E- 13 

Workboat 

606 

11.73 

5.03 

1.60 

31,750 

E-15 

Barge 

608 

32.31 

7.92 

2.59 

70,710 

E- 16 

Centrifugal  pump 
and  motor 

1016 

1.50 

4* 

0.45 

0.60 

4- 

184 

E-21 

Crane 

810 

8.70 

- 

10.00 

2,110 

E- 17 

Open-top  roll-offs 

515 

6.78 

2.24 

2.29 

3,764 

E  - 1 1 

Temporary  storage  tanks 
(in  envelope) 

302 

1.2 

3.0 

1.2 

2,700 

E-2 

Shredder 

1701 

1.57 

1.52 

1.42 

5,000 

E-28 

Chipper 

1704 

3.96 

2.13 

1 .83 

4,500 

E-29 

Flat  bed  truck 

513 

13.0 

2.64 

1.20 

4,590 

E-9 

Dump  truck 

501 

5.1 

2.43 

1.80 

2,358 

E-7 

Truck-tractor 

514 

5.98 

2.44 

2.98 

19,800 

E  - 1 0 

*For  conceptual  drawing,  see  figure  number  indicated.  Appendix  E. 
tKey  dimensions:  L  =  lateral  reach,  H  =  lift  distance. 
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Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Ai rcraf t-- 

See  Appendix  F. 

Sepcial  Requirements-- 

The  limiting  elements  in  System  10  are  the  barge,  608,  tow- 
able  by  workboat,  and  the  crane,  810,  transportable  by  truck, 
as  previously  discussed  in  Special  Requirements  for  Systems  8 
and  9.  Additional  items  (shredder,  1701,  and  chipper,  1704)  are 
best  implemented  as  truck-mounted  systems. 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  included  in  System 
10.  During  simultaneous  operation  of  all  equipment  elements,  it 
is  estimated  that  a  maximum  of  nine  persons  is  required  as  crew 
for:  barge  -  2,  crane  -  1,  pumps  -  1,  tanks  -  1,  truck  -  2, 

shredder  or  chipper  -  2.  Additional  support  may  be  required  for 
transporting  the  crew  to  the  field  of  operation. 

Diesel  fuel  must  also  be  provided  for  operation  of  the  chip 
per,  1704,  shredder,  1701,  workboat,  606,  and  crane,  810.  These 
units  are  provided  with  limited  on-board  fuel  storage.  For  pro¬ 
longed  operations,  a  small  tank  truck  may  be  required  for  bring¬ 
ing  additional  fuel  to  the  site. 

System  11 

System  11  is  defined  as  follows  (Figure  20): 

This  system  is  the  composite  of  the  two  previous  sys¬ 
tems  in  that,  following  onshore  washing  and  draining 
(System  9),  the  wood  solids  are  separated  out  and  submitted 
to  shredding  or  chipping  operations  (System  10). 

Table  25  shows  the  critical  elements  for  System  11.  The 
total  life  cycle  and  annual  costs  are  $2,615,064  and  $179,265, 
respecti vely . 

Oils  Which  Can  and  Cannot  Be  Handled-- 

As  indicated  in  the  discussion  of  System  10,  washing  will 
improve  the  safety  factor  for  grinding  or  chipping  debris  which 
has  been  impregnated  with  oils  of  the  more  volatile  groups  (I, 
IV,  and  V  -  see  Appendix  A).  Therefore,  with  proper  washing 
of  spill  debris,  this  system  is  applicable  to  all  oils. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 

The  limiting  process  volume  is  the  same  as  for  Systems  9 
and  10,  i.e.,  about  3,800  m3. 

Technical  Feasibility  of  Development  Including  Critical  Elements 
See  Systems  9  and  10. 


FIGURE  20.  SYSTEM  11,  SCENARIO  M. 
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TABLE  25.  SYSTEM  11:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item 

No.* 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  O&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

collection 

vessel 

604 

20 

390,000 

15,000 

19,500 

l 

workboat 

606 

20 

80,000 

5,600 

4,000 

l 

barge 

608 

20 

150,000 

5,000 

8,000 

1 

shredder 

1701 

10 

50,000 

3,700 

2,500 

1 

chipper 

1704 

10 

89,000 

5,650 

4,500 

1 

washing  equip. 

2401 

10 

3,615 

400 

180 

1 

centrifugal 
pump  and  motor 

1016 

10 

6,300 

300 

60 

1 

crane 

810 

10 

12,500 

750 

600 

1 

open-top  tank 

302 

20 

9,500 

1,000 

500 

6 

open-top  roll¬ 
off  bins 

515 

10 

18,000 
(  3,000)+ 

300 

3,000 

1 

flatbed  trailer 

513 

10 

8,700 

870 

400 

1 

truck- tractor 

514 

10 

59,000 

6,000 

4,000 

1 

1 

dump  truck 
tractor 

contingency  (10%) 

501 

2001 

10 

10 

50,000 

24,000 

95,062 

3,700 

2,400 

2,500 

1,200 

Life  Cycle  Cost 
Total  Annual  Cost 

=  $  1,584 
=  $  50 

,622 

,670 

♦Appendix  D. 
tUnit  costs. 
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Environmental  Impacts  of  the  System  Operations  and  Mitigation 
Measures-- 

See  System  9. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  26  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  11.  Plans  for  each  element  are 
shown  in  the  indicated  figures. 

Transportability  by  Existing  Coast  Guard  Vessel  and  Aircraft 
Capabi 1 i ty-- 

See  System  10. 

Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Ai rcraft-- 

See  System  10. 

Special  Requ i rements- - 
See  System  10. 


TABLE  26.  SYSTEM  11:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  element 

Item 

no. 

L  (  m  ) 

W  (  m  ) 

H  ( m  ) 

D  (m)  Weight  (kg) 

Fig.* 

Recovery  vessel 

604 

29.59 

10.85 

2.13 

218,450 

E- 13 

Workboat 

606 

11.73 

5.03 

1.60 

31,750 

E- 15 

Barge 

608 

32.31 

7.92 

2.59 

70,710 

E-16 

Centrifugal  pump 

1016 

1.50 

0.45 

0.60 

184 

E-21 

and  motor 

Crane 

810 

8. 70+ 

10.00+ 

2,110 

E- 17 

Conveyor 

901 

-- 

Var. 

-  - 

Var. 

E- 18 

Temporal^  storage 

302 

1.2 

3.0 

1.2 

0.9- 

2,700 

E-2 

tanks  fin  envelope) 
Chipper 

1712 

4.1 

2.4 

2.8 

1.2 

4,411 

E-30 

Dump  truck 

501 

5.1 

2.43 

1.80 

2,358 

E-7 

*For  conceptual  drawing,  see  figure  number  indicated.  Appendix  E. 
tKey  dimensions:  L  =  lateral  reach,  H  =  lift  distance. 


SCENARIO  N  -  OIL/ORGANIC  SOLIDS  MIX,  STORMY  WEATHER,  COLD  AIR 
TEMPERATURE 

Scenario  N  is  defined  as  follows: 

Oil  mixed  with  large  amounts  of  organic  solids  (seaweed, 
storm  debris,  organic  sorbents,  etc.),  stormy  weather,  cold 
air  temperature. 
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The  oils  considered  in  this  scenario  are  described  in 
Appendix  A.  The  solid  debris  materials  are  the  same  as  those 
described  in  Scenario  M. 

The  climatic  conditions  of  Scenario  N  can  cause  considerable 
ice  formation  on  the  solids  during  recovery.  Experience  has 
shown  (Buzzard's  Bay,  Hudson  Bay)  that  ice  is,  in  fact,  recovered 
with  the  organic  solids  and  does  not  thaw  until  the  last  pre¬ 
processing  step  in  the  spill  mass  recovery  exercise.  The  ice 
is  also  more  likely  to  be  porous  or  granular  than  smooth.  The 
total  capability  of  the  iced  solids  to  absorb  spilled  fluid  may 
be  as  much  as  double  that  of  solids  collected  in  warm  weather. 

Yet  the  increased  amount  of  clean  ice  collected  during  recovery 
of  contaminated  ice  may  result  in  larqer  debris  volumes. 

As  the  total  recovered  debris  ranges  from  roughly  one-half 
to  1.5  times  that  collected  in  Scenario  M,  the  recovery  alone 
should  require  from  approximately  10  or  more  days,  as  opposed 
to  the  7-day  period  required  for  Scenario  M. 

Separation  at  the  pickup  site  on  board  the  workboats  or 
barge(s),  on  the  other  hand,  will  likely  be  a  more  lengthy  pro¬ 
cess,  due  to  the  higher  viscosity  of  the  oil  at  freezing  tempera¬ 
tures  (10,000  as  opposed  to  200  centi stokes )  .  Heaters  may  be 
employed  to  speed  up  this  phase  of  the  recovery  effort. 

Application  of  Systems  8  and  10  will  be  essentially  identi¬ 
cal,  in  all  other  respects,  to  their  counterparts,  discussed 
under  Scenario  M. 

Systems  9  and  11  (under  Scenario  N)  are  excluded  from 
consideration  because  they  involve  washing  activities  deemed 
infeasible  in  freezing  conditions. 

SCENARIO  S  -  OIL  SOAKING  LARGE  SOLIDS,  CALM  WEATHER,  WARM  AIR 
TEMPERATURE 

Scenario  S  is  defined  as  follows: 

Oil  soaking  primarily  large  solids  (pieces  of  dock, 

vessels,  trees,  etc.),  calm  weather,  warm  air  temperature. 

The  solid  debris  material  of  this  scenario  requires  special 
machinery  for  lifting  and  is  therefore  different  from  the  solids 
defined  by  preceeding  scenarios,  which  may  be  collected  in  small 
volumes  by  one  man.  Typically,  the  large  objects  are  metallic, 
such  as  pieces  of  grounded  or  destroyed  vessels,  or  organic, 
such  as  logs,  plastic  sheeting,  or  debris  from  wooden  structures. 
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The  oils  considered  in  this  scenario  include  the  five  groups 
defined  in  Appendix  A.  Through  interviews  with  individuals 
involved  in  past  work  with  large  spill  debris,  it  is  noted  that 
oil  will  usually  wet  the  outer  surface  of  objects  without  appre¬ 
ciably  contaminating  the  inner  volume.  Exceptions  include  dry, 
rotted  logs,  the  inner  tissues  of  which  tend  to  act  as  sponges 
and  draw  the  oils  into  the  interior.  In  general,  objects  with 
a  matrix  capable  of  soaking  up  oil  will  do  so  unless  the  interior 
is  already  occupied  by  another  fluid,  such  as  water. 

The  warm  air  temperature  defined  by  Scenario  S  does  not 
impact  the  handling  or  processing  of  debris  directly.  However, 
chipping  of  organic  objects,  or  compaction  of  metallic  objects 
by  cutting  torch, is  not  considered  safe  in  the  presence  of  the 
highly  volatile  oils  defined  by  Groups  I,  IV,  and  V.  Under 
such  circumstances,  the  oils  must  first  be  washed  off  the  debris 
to  such  an  extent  that  they  no  longer  present  an  explosion 
hazard . 

Physical  separation  of  excess  oils  by  gravity  or  by  washing 
will  yield  a  waste  fluid  mixture  of  oils  and  water  similar  to 
that  defined  by  Scenario  A.  The  on-site  transfer,  storage, 
treatment  or  disposal  of  spill  masses  for  that  scenario  are 
therefore  directly  applicable  to  debris  rinsings.  Where  deter¬ 
gents  are  used,  the  rinsings  will  be  heavily  emulsified.  On-site 
demul sif ication  and  separation  may  be  used, or  the  fluids  can  be 
shipped  directly  to  off-site  processing.  Consideration  of  on-site 
or  off-site  land  disposal  should  include  an  understanding  of  the 
toxicity  and  mobility  of  the  cutting  stock  or  detergents  once 
they  are  released  to  a  soil  environment. 

Crushing,  splitting,  and  chipping  of  large  organic  debris 
will  eventually  yield  a  collection  of  chips  or  fines  mixed  with 
oil.  Such  a  mixture  resembles  oil-debris  mixtures  defined  by 
Scenarios  G  or  A, and  may  be  handled  on  site  or  transported  for 
off-site  processing  as  indicated  for  those  scenarios.  It  may 
also  be  taken  directly  to  on-site  or  contracted  disposal  loca¬ 
tions. 

General  Systems 

Figure  21  shows  the  general  on-site  methods  and  equipment 
categories  which  may  be  applied  to  the  various  types  of  oil- 
soaked  debris  defined  by  Scenario  S,  and  to  other  scenarios 
involving  large  solids.  Upon  primary  recovery,  the  object  is 
usually  placed  on  the  deck  of  the  primary  recovery  vessel  itself, 
or  on  a  nearby  barge  or  work  vessel  tending  the  primary  recovery 
craft.  Onshore  recovery  is  accomplished  in  the  same  manner 
using  a  mobile  crane  and  loading  the  contaminated  object  onto 
a  truck  bed  or  railcar. 
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Once  the  object  is  present  at  the  onshore  site  (lifted 
ashore  by  a  crane  or  helicopter),  it  may  be  washed,  cut  up,  or 
chipped  to  reduce  the  problem  of  transport  to  off-site  treatment 
or  disposal.  In  certain  instances,  natural  objects,  such  as 
beach  logs, may  be  left  at  the  shoreline  site  if  they  can  be  suffi¬ 
ciently  decontaminated  by  washing. 

System  12 

A  specific  disposal  system  for  large  wood  solids,  as  defined 
by  Scenario  S,  is  described  as  follows  (Figure  22): 

Large  wood  solids  from  off-shore  recovery  are  placed 
on  the  deck  of  the  primary  recovery  vessel  (PRV),  or  onto 
the  deck  of  a  nearby  barge  by  means  of  a  crane  and  grapple 
that  are  fixed  to  the  deck  of  the  recovery  vessel.  The 
barge  is  towed  by  the  recovery  craft  or  by  another  workboat. 
Once  transferred  to  shore,  the  large  debris  is  off  loaded 
by  a  mobile  crane  and  stockpiled  on  a  liner  to  prevent  soil 
contamination  . 

The  large  object(s)  are  then  washed  with  solvents  or 
detergents  to  remove  adhering  spilled  fluids.  The  liquid 
washings  are  transferred  to  additional  on-site  treatment 
or  disposal,  as  applied  to  fluids  defined  by  Scenario  A. 

Some  solid  debris,  particularly  natural  materials  such 
as  logs,  may  be  returned  to  the  environment  after  they 
are  sufficiently  cleaned.  Otherwise,  debris  is  stockpiled 
and  processed  by  a  chipper  and/or  splitter.  The  resulting 
reduced  debris  is  then  moved  by  a  conveyor  or  crane  with 
a  clamshell  attachment  to  temporary  storage  in  a  lined 
storage  bin  to  await  transfer  to  off-site  processi ng,  or  to 
further  on-site  treatment/disposal  as  described  for  Scenarios 
G  or  M. 

Critical  equipment  elements  of  the  system  are  shown  in  Table  27. 
The  total  life  cycle  cost  and  annual  cost  are  $1,079,006  and 
$42,160,  respectively. 

Oils  Which  Can  and  Cannot  Be  Handled-- 

Processing  of  large  wooden  debris  objects  coated  with  any 
of  the  oils  included  in  the  five  oil  groups  described  in  Appendix 
A, is  possible  using  System  12.  Heavier  oils,  particularly  those 
in  Group  III  and  the  crudes,  may  require  a  solvent  cutting  stock 
to  be  applied  during  washing..  Diesel  fuel  is  often  used  for  this 
purpose.  However,  when  hydrocarbon  solvents  are  used  to  wash, 
the  washings  must  be  carefully  contained  and  processed  without 
release  to  the  environment. 

If  sufficient  washing  does  not  precede  the  chipping  process, 
the  more  volatile  oils  for  Group  I  (jet  fuels), and  especially 
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FIGURE  22.  SYSTEM  12,  SCENARIO 


TABLE  27.  SYSTEM  12:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item 

No.* 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

workboat 

602 

20 

168,000 

22,800 

8,400 

1 

barge 

608 

20 

150,000 

5,000 

8,000 

1 

liner  with 
drainage  control 

104 

2 

540 

-  0  - 

-  0  - 

1 

crane  (at  seq) 

801 

10 

30,000 

3,000 

1 ,500 

1 

crane  (dock  side) 

810 

10 

12,500 

750 

600 

1 

washing  equip. 

2401 

10 

3,615 

400 

180 

1 

chipper 

1712 

10 

32 ,000 

2,800 

1 ,600 

1 

conveyor 

901 

5 

13,000 

710 

650 

1 

l 

dump  truck 
tractor 

contingency  (10%) 

501 

2001 

10 

10 

50,000 

24,000 

49,626 

3,700 

2,400 

2,500 

1,200 

Life  Cycle  Cost 
Total  Annual  Cost 

=  $  1,079 
=  $  42 

,006 

,162 

*Appendix  D. 
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Group  IV  (JP-4)  and  V  (cool  tor),  con  iiem  rate  on  explosion 
hazard  in  the  chipper  chamber.  This  system  is  therefore  best 
suited  for  dealing  with  oil  Groups  11  ond  111.  but  may  be  applied 
to  groups  1,  IV,  ond  V  it  preceded  bv  careful  washing  to  remove 
all  residual  volatiles. 

Approximate  Quantity  of  Spill  Moss  Which  Can  Be  Handled-- 

Maximum  tonnage  of  the  solid  objects  which  can  be  recovered 
is  limited  by  the  storage  capability  ot  the  workboat  and  the  lift 
capacity  of  the  dock-mounted  crane.  Pieces  of  wood  debris  such 
os  logs,  in  excess  of  14  inches  in  diameter, cannot  be  chipped 
without  prior  splitting.  The  workboat  has  a  5-ton  debris  trans¬ 
port  capability.  The  crane  is  also  limited  to  aboiit  5  tons  lift¬ 
ing  capabilities  within  a  limited  lifting  radius  (less  than  7  m ) . 

It  is  not  anticipated  that  the  fluid  rinsings  or  reduced 
chipped  solids  from  the  debris  defined  by  this  Scenario  will 
exceed  the  volumetric  capabilities  for  treatment,  as  defined 
for  Scenarios  A ,  G ,  or  M . 

Technical  Feasibility  of  Development  Including  Critical  llements- 

The  general  plan  of  the  described  system  has  been  documented 
through  interviews  with  various  port  authorities  experienced  in 
handling  logs  and  other  large  wooden  debris  in  harbor  waters. 

All  critical  elements  for  this  system  are  available  on  the  mar¬ 
ket,  and  may  be  readily  assembled  into  a  well  defined,  portable 
system  for  transport  to  the  recovery  site.  1  he  crane  and  grapple 
are  available  as  a  truck -mountabl e  unit.  The  only  nonportable 
element  is  the  workboat.  The  workboat  may  be  replaced  by  a 
smaller  scow-workboa t  combination,  or  large  floating  objects 
may  be  towed  in  the  water  by  a  workboat. 

In  certain  instances,  debris  may  be  lifted  out  of  the  water 
and  carried  to  shore  by  a  helicopter.  The  cost  of  including  such 
a  capability  is  not  warranted  it  the  helicopter  i  >•  to  be  used 
for  this  intermittent  purpose  only. 

Environmental  Impacts  of  System  Operation  and  Mitigation  Measures 

System  I.'  has  several  points  in  the  flow  of  debris  handling 
where  environmental  impacts  may  occur: 

•  At.  wa  ter-to-shore  transfer  of  the  oil-soaked  debris 

t  From  lack  of  containment  of  rinsings  from  the  debris  - 
wa sh i ng  opera t ion. 

#  Ry  return  of  inadequately  de  oiled  debris  to  the  environ- 

m  e  n  t . 

The  transport  and  use  of  the  heavy  portable  equipment  at  sensitiv 
shoreline  areas  m a v  also  result  i  n  d a m a g e  to  plant  lit  e  a n d  t  h e 
disturbance  of  soil  surfaces. 


The  potential  for  further  water  contamination  by  dripping 
from  debris  transfers  may  be  minimized  by  placing  a  small  oil- 
containment  boom  around  the  debris-laden  vessel  and  under  the 
"pa th-of -swi ng "  described  by  the  crane  boom.  Drippings  can 
then  be  recovered  using  a  small  volume  of  sorbent  materials. 
Containment  booms  and  contractor  services  are  usually  available 
at  or  near  the  transfer  location  to  be  used  in  containment  of 
oils  at  the  primary  spill  site. 

Containment  of  rinsings  from  the  debris-washing  operation 
is  a  significant  factor  in  avoiding  soil  contamination  at  the 
washing  operation.  Irregular  or  jagged  debris  can  easily  cut  a 
hole  in  the  liner,  resulting  in  substantial  leakage.  Where 
heavy  objects  are  involved,  a  bed  of  sand  or  other  padding 
material  may  be  placed  on  the  liner  to  provide  a  cushion  and  pre¬ 
vent  puncture.  Sorbent  materials  should  also  be  kept  on  hand  to 
contain  accidental  release  of  rinsings. 

Prior  to  returning  washed  natural  debris  (e.g.,  beach  logs) 
to  the  environment,  a  careful  check  should  be  made  to  be  sure 
that  further  environmental  contamination  is  prevented.  With 
oils,  this  can  be  done  by  cutting  a  sample  of  the  wood  which 
includes  outer  and  inner  tissues, and  soaking  it  in  a  small  volume 
of  water.  If  the  surface  of  the  water  acquires  a  substantial 
sheen,  then  the  wood  is  still  releasing  oils  and  is  not  suitable 
for  release.  Further  processing  is  required. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  28  shows  the  approximate  dimensions  and  weight  of  each 
equipment  element  for  System  12.  Plans  for  each  element  are 
shown  in  the  indicated  figures. 

Transportability  of  Existing  Coast  Guard  Vessels  and  Aircraft 
Capabi 1 i ty  — 

Append i x  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels,  and  the  transportability 
of  the  equi pment  included  in  disposal  System  12. 

TABLE  28.  SYSTEM  12:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  Element 

Item  No. 

l  (m) 

W  (m) 

H  (m) 

0  (m) 

Weiqht(kq) 

Fiqure* 

workboat 

602 

12.19 

4.47 

0.61 

- 

89,110 

barge 

60S 

32.31 

7.92 

2.59 

- 

90,710 

E- 16 

liner 

104 

- 

var. 

- 

- 

- 

crane 

301 

7.627 

- 

9. 75+ 

- 

25,000 

crane 

810 

3.70 

- 

10.007 

- 

2,110 

E- 17 

washing  equipment 

2401 

1.25 

.64 

1.18 

238 

E-34 

chipper 

1712 

4.1 

2.4 

2.3 

4,411 

E-30 

conveyor 

901 

- 

var. 

- 

0.9-1 

.2  var. 

E- 18 

dump  truck 

501 

5.1 

2.43 

1.80 

- 

2,358 

E-7 

.tractor 

2001 

4.57 

2.26 

3.76 

===== 

4,540 

E  -  32 

*  For  conceptual  drawing,  see  Appendix  E. 

+  Key  dimensions;  L  »  lateral  reach,  H  *  lift  distance. 
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Transportability  by  Means  Other  Than  Coast  Guard  Vessel 
and  Alrcraft-- 

See  Appendix  F  . 

Special  Requirements-- 

The  limiting  element  in  System  12  is  the  truck-mounted  crane 
which  cannot  he  transported  to  the  field  site  by  sea  or  air.  The 
lined  dump  truck  may  also  be  limiting,  et  it  is  secondary  to 
the  processing  operation  and  is  used  only  for  transferring  the 
solid  debris  to  an  off-site  location.  Timing  is  therefore  not 
a  significant  factor,  and  arrangements  can  be  made  for  temporary 
storage  or  transport  by  means  other  than  truck  (e.g.,  loading 
onto  Coast  Guard  transport  craft).  Therefore,  on-site  lifting 
capabilities  may  be  provided  by  a  barge-mounted  crane,  or  by 
a  skycrane  helicopter. 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  included  in  System 
12.  During  simultaneous  operation  of  all  equipment  elements, 
it  is  estimated  that  a  maximum  of  seven  persons  is  required  as 
crew,  including  a  workboat  crew  of  2,  one  crane  operator,  a 
chipper  operator,  one  conveyor  operator,  and  two  dr i ver s/ pi  1 ots  . 
Additional  support  may  be  required  for  transporting  the  crew  to 
the  field  of  operation. 

Diesel  fuel  must  also  be  provided  for  operation  of  the 
chipper,  conveyor  drive,  crane  system,  and  workboats.  All  units 
are  provided  with  limited  on-board  fuel  storage.  For  prolonged 
operations,  a  small  tank  truck  may  be  required  for  bringing 
additional  fuel  to  the  site. 

System  1 3 

System  13  is  similar  to  disposal  System  12,  in  that  it  is 
designed  to  transport  and  process  large  debris  objects  as 
described  by  Scenario  S.  The  primary  difference  is  that  metallic 
objects,  such  as  pieces  of  a  ship's  hull,  are  involved  (Fiqure 
?3): 


Large  metallic  solids  are  recovered  from  off  shore 
and  placed  on  the  deck  of  a  primary  recovery  vessel  (PRV), or 
onto  the  deck  of  a  nearby  barge  by  means  of  a  crane  and 
grapple  fixed  to  the  deck  of  the  recovery  vessel.  The 
barge  is  towed  by  the  recovery  craft  or  by  another  work- 
boat.  Once  transferred  to  shore,  the  large  debris  is 
off  loaded  by  mobile  crane  and  stockpiled  on  a  liner  to 
prevent  soil  c i  a  m i n  a  t i o  n  . 

The  large  object(s)  are  then  washed  with  solvents  or 
detergents  to  remove  adhering  spilled  fluids.  The  liquid 
washings  are  transferred  to  additional  on-site  treatment 
or  disposal  (see  "On-site  Disposal  "), as  applied  to  fluids 
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FIGURE  23.  SYSTEM  13,  SCENARIO 


defined  by  Scenario  A.  The  metallic  debris  is  then  stock¬ 
piled  and  later  loaded  on  a  flatbed  truck  for  transport 
to  an  off-site  salvage  or  disposal  facility.  If  the  object 
is  composed  of  workable  metals,  it  may  be  reduced  prior 
to  transport  by  use  of  a  cutting  torch. 

Critical  equipment  elements  of  the  system  are  similar  to  the 
previously  described  System  12,  except  that  the  chipper  and 
conveyor  (for  the  chipper  discharge)  are  replaced  by  a  one-  or 
two-man  team  equipped  with  cutting  torches.  Equipment  elements 
for  System  13  are  shown  in  Table  29.  Total  life  cycle  and  annual 
costs  for  System  13  are  $1,004,644  and  $42,020,  respectively. 

Oils  Which  Can  and  Cannot  Be  Handled-- 

Limitations  on  the  processing  of  large  metallic  objects, 
coated  with  any  of  the  oils  included  in  the  five  oil  groups 
described  in  Appendix  A,  are  similar  to  those  discussed  for 
System  12.  If  cutting  torches  are  to  be  used  at  the  processing 
site,  the  more  volatile  oils  from  Group  I, and  especially  Groups  IV 
(JP-4)  and  V  (coal  tar),  can  present  an  explosion  hazard  if  the 
objects  are  not  thoroughly  decontaminated.  In-field  torching  of 
closed  vessels  and  tanks  should  not  be  conducted  unless  the  con¬ 
tents  are  nonvolatile  fire-retardent  ,or  in  other  ways  deemed 
safe  from  the  standpoint  of  explosion  hazard.  This  system  is 
best  suited  for  dealing  with  oil  Groups  II  and  III,  but  may  be 
applied  to  Groups  I,  IV,  and  V  with  careful  control  of  residual 
volatiles. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 

The  maximum  weight  of  the  solid  objects  which  can  be  recovered 
by  this  system  is  the  same  as  that  defined  for  System  12; 

4.5  tonnes  (5  tons).  It  is  not  anticipated  that  the  fluid  rins¬ 
ings  from  the  washing  process  included  in  this  system  will  exceed 
the  volumetric  capabilities  for  treatment  as  defined  for  Scenarios 
A ,  G ,  or  M . 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 
All  critical  elements  for  this  system  are  available  on  the 
market  and  may  be  readily  assembled  into  a  well-defined  portable 
system  for  transport  to  the  recovery  site.  The  crane  and_grappie  , 
are  available  as  a  truck-mountable  unit.  The  only  nonportable 
element  is  the  workboat.  The  workboat  may  be  replaced  by  a 
smaller  scow-workboat  combination.  Since  large  metallic  objects 
will  usually  sink  (unless  provided  with  bulwarks),  most  recovery 
and  transfer  operations  will  usually  occur  at  near-shore  loca¬ 
tions.  It  is  therefore  probable  that  the  primary  craft  may  trans¬ 
port  the  objects  directly  to  shore  without  transferring  them 
to  shuttle  barges  or  support  vessels.  In  certain  instances, debri s 
may  be  lifted  out  of  the  water  and  carried  to  shore  by  a  heli¬ 
copter.  The  inclusion  of  a  helicopter  in  System  13  is  not 
warranted  if  the  helicopter  is  to  be  used  for  this  intermittent 
purpose  only. 
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TABLE  29.  SYSTEM  13:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item 
No.  * 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

workboat 

602 

20 

168,000 

22,800 

8,400 

1 

barge 

608 

20 

150,000 

5,000 

8,000 

1 

liner  with 

104 

2 

540 

-  0  - 

-  0  - 

drainage  control 

1 

crane 

801 

10 

30,000 

3,000 

1 ,500 

1 

crane 

810 

10 

12,500 

750 

600 

1 

washing  equip. 

2401 

10 

3,615 

400 

180 

1 

flatbed  trailer 

513 

10 

8,700 

870 

400 

1 

truck-tractor 

514 

10 

59,000 

6,000 

4,000 

l 

tractor 

2001 

10 

24,000 

2,400 

1,200 

1 

cutting  torches 

— 

5 

2,000 

200 

10 

contingency  (10%) 

-- 

-- 

47,096 

-- 

-- 

Life  Cycle  Cost  = 

$  1,004,644 

Total  Annual  Cost  = 

$  42,020 

Environmental  Impacts  of  System  Operations  and  Mitiqation 
Measures-- 

System  13  has  two  points  in  the  debris  handling  process 
similar  to  System  12  where  environmental  impacts  may  occur: 

•  At  water-to-shore  transfer  of  the  oil-soaked  debris 

•  From  lack  of  containment  of  rinsings  from  the  debris- 
washinq  operation  . 

Since  the  metal  objects  will  probably  be  removed  to  off-site 
salvage,  rather  than  abandoned  at  the  site,  the  return  of  ina¬ 
dequately  de-oiled  debris  to  the  environment  should  not  be  a 
probl em . 

Steps  for  mitiqation  of  the  potential  impacts  are  similar  to 
those  called  for  in  System  12: 

•  Provide  a  containment  boom  around  the  debris  transport 
vessel  and  transfer  operations 

•  Provide  for  cushioning  of  irregular  objects  to  avoid 
punc  ture  of  1 i ners 

•  Provide  sorbent  materials  for  recovery  of  released  oils. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  30  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  13.  Plans  for  each  element 
are  shown  in  the  indicated  figures. 


TABLE  30.  SYSTEM  13:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment  Element 

Item  No. 

L  (m) 

W  (m) 

H  (m) 

Weight  (kg)  Figure 

recovery  vessel 

602 

12.19 

4.47 

0.61 

89,110 

barge 

608 

32.31 

7.92 

2.59 

90,710 

E- 16 

1  iner  w/dra inage  control  104 

- 

var. 

- 

- 

pump 

1016 

1.50 

0.45 

0.60 

184 

E-21 

crane 

801 

7.62t 

- 

9.75  + 

■t-5,000 

crane 

810 

8.70+ 

- 

10.00  + 

2,110 

E- 17 

washing  equipment 

2401 

1.25 

.64 

1.18 

238 

E  -  34 

flatbed  trailer 

513 

13.0 

2.64 

1.20 

4,590 

E-9 

truck-tractor 

514 

5.98 

2.44 

2.98 

19,800 

E  - 1 0 

tractor 

2001 

4.57 

2.26 

3.76 

4,540 

E- 32 

*For  conceptual  drawing,  see  figure  number  indicated.  Appendix  E. 
tKey  dimensions:  L  =  lateral  reach,  H  ■  lift  distance. 
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Transportability  by  Existing  Coast  Guard  Vessel  and  Aircraft 
Capability-- 

Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  vessels  and  aircraft, and  the  transportability 
of  equipment  included  in  System  13. 

Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Aircraft-- 

See  Appendix  F. 

Special  Requirements-- 

The  limiting  element  in  System  13  is  the  same  as  that  for 
System  12,  the  truck-mounted  crane,  which  cannot  be  transported 
to  the  field  site  by  sea  or  air.  The  flatbed  truck  may  also  be 
limiting,  yet  it  is  secondary  to  the  processing  operation  and 
used  only  for  transferring  the  solid  debris  to  an  off-site  loca¬ 
tion.  On-site  lifting  capabilities  may  be  provided  instead  by 
a  barge-mounted  crane  or  by  a  skycrane  helicopter. 

Specially  trained  personnel  are  required  for  operation  of 
all  the  equipment  elements  included  in  System  13.  During  simul¬ 
taneous  operation  of  all  elements,  it  is  estimated  that  a  maxi¬ 
mum  crew  of  six  persons  is  required.  This  includes  a  workboat 
crew  of  two,  one  crane  operator,  one  welder,  and  two  drivers/ 
pilots. 

Diesel  fuel  is  required  for  operation  of  the  crane  system 
and  workboats,  although  each  has  sufficient  fuel  tank  capacity 
for  even  extended  operations. 

SCENARIO  T  -  OIL  SOAKING  LARGE  SOLIDS,  STORMY  WEATHER,  COLD 
AIR  TEMPERATURE 

Scenario  T  is  defined  as  follows: 

Oil  primary  soaking  large  solids,  stormy  weather,  cold 

air  temperature. 

The  solid  debris  materials  and  oils  considered  in  this  scenario 
are  identical  to  those  described  for  the  preceding  Scenario  S. 

The  environmental  conditions  of  stormy  weather  and  cold  air 
temperature  (less  than  OOC)  distinguish  this  scenario  from 
Scenario  S.  Systems  12  and  13, described  for  Scenario  S,may  be 
applied  under  these  environmental  conditions  with  specific  modi¬ 
fications.  The  chipping  of  organic  objects  or  reduction  of 
metallic  objeccs  by  cutting  torch  are  still  feasible.  Washing 
to  remove  adhering  oils  from  the  objects  may  be  made  difficult 
due  to  the  colder  air  temperature.  The  washing  step  may  there¬ 
fore  be  omitted,  and  contaminated  debris  transferred  directly 
to  off-site  processing  or  disposal  without  being  reduced. 
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Where  crushing,  splitting,  or  chipping  of  large  organic 
debris  is  deemed  feasible,  the  resulting  debris  (chips  or  fines 
mixed  with  oil)  will  resemble  oil/debris  mixtures  defined  by 
Scenarios  G  or  M, and  may  be  handled  on-site  or  transported  to 
off-site  processing,  as  indicated  for  those  scenarios. 

ON-SITE  TREATMENT  OF  FLUIDS 

In  previously  described  scenarios,  fluids  separated  from  the 
spill  mass  become  candidates  for  further  on-site  treatment  or 
disposal.  Scenarios  A,  G,  M,  and  S  each  generate  one  of  two 
types  of  liquid  effluent. 

•  Aqueous  fluids  slightly  contaminated  with  oils 

•  Oils  contaminated  with  water. 

Figure  24  shows  how  these  fluids  are  received  from  on-site 
recovery  and  transfer,  as  described  in  Scenario  A  (concentrated 
oil  spill  masses),  or  from  processing  of  spill  masses  described 
by  Scenarios  G  or  S  (effluents  from  on-site  treatment  described 
for  those  scenarios  )  . 

In  treatment  of  spill  masses  collected  and  transferred  under 
Scenario  A,  the  fluids  are  pumped  via  optional  temporary  storage 
and  demul sif ication  equipment  to  an  oil/water  separator.  The 
concentrated  oils  are  then  transferred  into  drums  on  pallets  or 
portable  tanks.  The  drums  or  tanks  are  then  loaded  by  crane 
onto  flatbed  trucks. or  pumped  out  by  a  vacuum  truck  or  tank  truck 
for  transfer  to  off-site  processing  or  disposal. 

The  aqueous  effluent  from  the  oil/water  separation  process 
is  then  discharged  to  the  environment  (if  highly  purified), or 
passed  to  other  components  for  further  on-site  treatment  or 
disposal . 

Options  for  on-site  treatment  include  chemical  or  biological 
treatment  by  portable  package  units,  or  processing  by  ultra¬ 
filtration.  Liquid  effluents  from  these  "polishing"  treatment 
steps  are  discharged  back  to  the  watercourse.  Any  generated 
solids  or  sludges  may  be  dewatered  and  transported  to  off-site 
process i ng/d i sposa 1 , or  disposed  of  on  site. 

On-site  disposal  includes  incineration  of  concentrated  oils 
(from  the  oil/water  separator)  in  a  portable  incinerator,  or 
on-site  burial  or  land  cultivation.  The  latter  is  applicable  to 
concentrated  or  dilute  process  fluids.  Four  specific  on-site 
treatment  systems,  identified  as  OS-1,  OS-2,  OS-3,  and  OS-4,  are 
described  below: 
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Sys  tew  OS- 1 

The  system  is  described  as  follows  (Figure  25): 

Liquids  are  received  from  on-site  recovery  (Scenario  A), 
or  as  process  effluents  from  handling  and  on-site  preproces¬ 
sing  of  spill  masses  containing  solids  (Scenarios  G  or  S). 
Liquids  are  pumped  by  a  positive  displacement  or  centri¬ 
fugal-type  pump  to  one  or  all  of  the  following  subsystems: 

•  lemporary  storage  tank 

•  Do mu  1 s  i  f i cat  ion  (addition  of  demulsifying  agent) 

•  Oil /water  separator. 

The  aqueous  effluent  from  the  separator  is  monitored  and 
discharged  back  to  the  watercourse.  The  concentrated  oils 
are  discharged  into  portable  tanks.  The  tanks  are  later 
pumped  out  by  a  vacuum  truck  for  transport  of  the  concentra¬ 
ted  fluids  to  an  off-site  treatment  or  disposal  facility. 

One  system  option  is  the  pumping  of  the  concentrated  oils  into 
drums  on  pal  lets, and  the  subsequent  loading  of  the  palletized 
drums  onto  a  flatbed  truck  using  a  forklift.  Table  31  shows  the 
critical  equipment  elements  for  System  OS-1.  The  total  life 
cycle  cost  and  annual  system  cost  for  System  OS-1,  based  on  a 
system  life  of  20  yr  are  $630,525  and  $23,130,  respectively. 

Oils  Which  Can  and  Cannot  Be  Handled-- 

Some  oils,  particularly  those  in  Groups  111  and  V  (see 
Appendix  A),  are  highly  viscous  and,  in  high  concentrations,  may 
cause  problems  for  effective  oil/water  separation.  Provisions 
for  both  a  positive  displacement  and  a  cen t r  i  f uga 1  - ty pe  pump  in 
the  system  allow  for  efficient  pumping  capabilities  over  a  wide 
range  of  viscosities.  All  other  oils  Groups  (I,  II,  and  IV)  can 
be  processed  by  this  on-site  treatment  system.  Groups  III  and 
V,  where  oil/water  separation  is  not  feasible,  may  be  submitted 
to  on-site  land  disposal  or  transported  directly  to  an  off-site 
facility,  if  further  processing  capability  is  available  there. 

Approximate  Quantity  of  Spill -Mass  Which  Can  Be  Handled  — 

A  number  of  system  pa  ameters  can  limit  the  maximum  pro¬ 
cess  flow  through  the  on-site  treatment  system: 

t  Pumping  capacity  (function  of  lift,  distances,  fluid 
viscosities,  temperature,  selected  pump  size,  drive 
horsepower ,  etc . ) 

t  Temporary  storage  capacities 

0  Oil/water  separator  flow  rate 

0  Rate  of  transfer  of  system  effluents  to  other  systems  or 
off-site  facility. 
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PR  I  M/.R  r 
RECOVERY 


FIGURE  25.  SYSTEM  OS- 


TABLE  31.  SYSTEM  OS-1:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

I  tern* 
No. 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  O&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

3 

positive  disp. 
pump  and  motor 

1015 

10 

30,300 

(10,100)* 

900 

300 

3 

centrifugal  pump 
and  motor 

1016 

10 

18,900 
(  6,300)* 

900 

180 

1 

temp.  stor.  tank 

302 

20 

9,500 

1 ,000 

500 

- 

demulsifier 

— 

— 

-  0  - 

150 

-  0  - 

1 

oi 1 /water 
separator 

1213 

20 

13,900 

1,500 

700 

40 

portable  tanks 

304 

10 

36,000 
(  900)  + 

6,500 

1 ,500 

40 

drums  and  pallets 

305 

5 

3,000 
(  75)  + 

960 

-  0  - 

1 

forkl ift 

401 

10 

24,000 

2,400 

1,200 

1 

vacuum  tank 

503 

10 

20,000 

2,000 

1 ,000 

1 

flatbed  trailer 

513 

10 

8,700 

870 

400 

1 

truck-tractor 

514 

10 

59,000 

6,000 

4,000 

contingency  (10iO 

-- 

— 

22,330 

-- 

-- 

Life  Cycle  Cost 
Total  Annual  Cost 

=  $630, 
=  $  23, 

525 

180 

♦Appendix  D. 
tUnit  costs 
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The  approximate  pumping  rate  of  the  selected  system  pumps  for 
short-lift  distances  are  about  665  n/min  (175  gal/min)  for  the 
positive  displacement  pump  and  532  2,/min  (140  gal/min)  for  the 
centrifugal  pump.  The  oil/ water  separator  has  a  total  throughput 
rate  of  1,900  ?/min  (500  gal/min).  Temporary  f i el d -erec ta LI e 
storage  can  be  provided  with  a  storage  capacity  of  up  to  4,058,700£ 
(1,068,080  gal).  Any  flow  of  process  effluents  to  other  systems 
can  be  accommodated  directly  by  the  system  or  reduced  by  surge 
storage.  The  limiting  rate  of  transfer  therefore  occurs  at  the 
pump . 


By  providing  three  pumps  of  each  type,  the  system  can  estab¬ 
lish  a  maximum  throughput  of  about  1,786  £/min  (470  gal/min). 

Given  a  large-scale  recovery  operation  producing  a  total  through¬ 
put  spill  mass  of  380,000(1  (  1  00,000  gal),  the  system  is  able  to 
process  the  volume  in  less  than  one  full  working  day.  For  smaller 
spills,  the  extra  pumps  serve  as  back-up  units  for  the  on-line 
pumps..  Easily  transported,  f  iel  d -erectabl  e  storage  tanks  are 
also  available  in  a  range  of  sizes  (about  50  sizes  ranging  from 
7,820  to  4,058,700?  (2,058  to  1,068,080  gal). 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 

All  equipment  components  included  in  System  0S-1  are  availa¬ 
ble  on  the  commercial  market.  Development  of  the  equipment  into 
a  mobile  Coast  Guard  response  system  would  require  little  engi¬ 
neering  expense  other  than  proper  sizing  and  acquisition  of  the 
components. 

Environmental  Impacts  of  System  Operations  and  Mitigation  Measures- 

Potential  for  environmental  impacts  in  the  treatment  system 
are  the  following: 

•  Overfilling  or  leakage  from  temporary  storage  tanks 

•  Disturbance  of  vegetation  and  soil  surfaces  by  equip¬ 
ment  installation  and  vehicle  operation 

•  Redischarge  of  oil  caused  by  inefficient  oil/water 
separation  . 

Overfilling  of  storage  tanks  during  large-flow  operations  can 
be  prevented  by  continuous  monitoring  of  the  fluid  level  in 
the  tanks.  Simple  liquid  level  detection  devices  are  available 
on  the  market.  These  sound  a  warning  alarm  when  a  predesignated 
tank  volume  (fill  height)  is  reached.  The  impact  of  leakage 
from  tanks  may  be  minimized  by  erecting  temporary  berms  around 
the  perimeter  of  the  tank  and  providing  a  supply  of  sorbent 
materials.  Contingency  plans  should  be  prepared  ahead  of  time 
for  transferring  the  contents  of  a  leaking  storage  tank  to  another 
holding  facility.  Directives  for  proper  maintenance  and  operation 
of  oily  waste  storage  facilities  are  included  in  the  Environmen¬ 
tal  Protection  Agency's  Regulations  for  Spill  Prevention  Control 
and  Countermeasures  (40  CFR,  Part  112). 
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The  redischarge  of  oil  with  aqueous  oil/water  separator 
effluents  can  be  minimized  by  carefully  monitoring  the  oil  con¬ 
tent  in  the  stream.  If  the  oil  content  is  too  high  for  discharge 
of  the  fluids  back  to  the  watercourse,  as  defined  by  controlling 
water  quality  standards,  the  fluids  may  have  to  be  treated  fur¬ 
ther  (see  System  OS-2  below).  Another  available  mitigating  meas¬ 
ure  involves  reducing  the  flow  rate  through  the  separator, 
thereby  increasing  the  retention  time  and  allowing  for  more  effec¬ 
tive  partitioning  of  the  oil  and  water  phases  in  the  unit. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  32  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  OS-1.  Plans  for  each  element 
are  shown  in  the  indicated  figures. 

Transportability  by  Existing  Coast  Guard  Vessels  and  Aircraft-- 
Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels  and  the  transportabi 1 i ty 
of  the  equipment  included  in  disposal  system  OS-1. 

Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Aircraft  - 

See  Appendix  F. 

Special  Requi rements-- 

The  limiting  element  in  System  OS-1  is  the  1,900  i/min 
(500-gal/min)  oil/water  separator  which  cannot  be  transported 
to  the  field  by  sea  or  air.  If  the  smaller  separators  are  used, 
they  can  be  transported  but  will  double  the  processing  time  for 
a  given  volume  of  spill  mass. 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  elements.  During 
simultaneous  operation  of  all  equipment  elements,  it  is  estima¬ 
ted  that  a  maximum  crew  of  six  persons  is  required.  This 
includes  one  pump  tender,  two  persons  for  tank  erection  and  moni¬ 
toring,  one  person  for  monitoring  the  oil/water  separator,  a 
truck  driver,  and  one  forklift  operator.  Additional  support 
vehicles  may  be  required  for  transporting  the  crew  to  the  field 
of  operation. 

Diesel  fuel  must  also  be  provided  for  operation  of  the  pump 
motors  and  forklift.  These  items  have  their  own  fuel  tanks.  For 
prolonged  operation  (more  than  6  hr),  a  small  tank  truck  may  be 
required  in  order  to  maintain  the  fuel  supply  at  the  site. 
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TABLE  32.  OS-1:  DIMENSIONS  AND  WEIGHTS  OF  CRITICAL  EQUIPMENT  ELEMENTS 


Equipment 

Element 

Item 

No. 

L  (m) 

VI  (m) 

H  (m) 

Weight  (kg) 

Figure: * 

Positive 

displacement 

pumps 

1015 

0.60 

0.45 

0.33 

215 

E-20 

Centrifugal 

pumps 

1016 

1.5 

0.45 

0.6 

184 

E-21 

Temporary 
storage 
tanks  (in 
envelope) 

302 

1.2 

3 

1.2 

2,700 

E-2 

Oil /water 
separator 

1213 

3.86 

2.08 

1.50 

1 ,910 

E-22 

Portable 

storage 

tanks 

(Option  A) 

304 

1.07 

1.2 

1.8 

765 

E-4 

Drums  on 
pallets 
(Option  B) 

(in  envelope) 

305 

1.9 

1.5 

2.4 

6.80 

E-5 

Fork  lift 
(Option  B) 

401 

4.57 

2.26 

3.76 

4,540 

E-6 

flatbed 

trailer 

513 

13.0 

2.64 

1.20 

4,590 

E-9 

Vacuum 

tank 

503 

9.80 

2.43 

3.35 

7,484 

E-8 

Truck- 

tractor 

514 

5.98 

2.44 

2.98 

19,800 

E- 10 

♦For  conceptual  drawing,  see  figure  number  indicated.  Appendix  E. 
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S  y  s  tem  OS  -  2 


The  system  is  described  as  follows  (Figure  26): 

Liquids  are  received,  pumped,  stored,  and  demulsified 
or  separated  by  an  oil/water  separator  in  the  same  manner 
as  described  in  System  OS-1.  However,  the  aqueous  discharges 
are  further  processed  by  one  of  the  following  on-site  sub- 
sys  terns  : 

t  Chemical  treatment 
#  Bioloqical  treatment 
0  Filtration. 

Since  such  processes  produce  some  solids  or  sludges,  sludge 
storage,  dewatering,  conveying,  and  disposal  or  transport  off 
site  are  all  system  components  which  must  be  included.  The 
aqueous  effluents  from  these  "polishing"  treatment  processes  are 
monitored  and  discharged  back  to  the  watercourse. 

Critical  equipment  elements  of  the  system  are  shown  in 
Table  33.  The  total  life  cycle  cost  and  annual  system  cost, 
based  on  a  system  life  of  20  yr,  calculated  for  System  OS-2,  are 
$1,192,045  and  $39,580,  respectively. 

Oils  Which  Can  and  Cannot  be  Handled-- 

The  oil  qroups  which  can  be  handled  by  the  initial  pumping, 
demul s i f i ca t i o n  ,  and  oil/water  separation  phases  of  the  system 
are  the  same  as  those  for  System  OS-1. 

The  alternate  treatment  processes  for  the  oil/water  separa¬ 
tor  effluent  or  dilute  effluents  from  other  processing  activi¬ 
ties  require  a  relatively  low  oil  concentration  in  the  influent 
stream.  Any  pa r t i t i onabl e  oils  should  be  completely  removed 
from  the  stream  by  the  oil /water  separator.  The  treatment  units 
are  best  utilized  for  dissolved  organic  solids. 

Reverse  osmosis  or  ultrafiltration  processes  are  best 
applied  to  solutions  with  a  relatively  low  impurity  concentra¬ 
tion.  Impurities  in  the  waste  solution  should  be  stable,  com¬ 
pletely  dissolved,  emulsified,  or  chelated  to  avoid  precipitation 
on  the  membrane.  If  one  expects  a  waste  solution  to  be  handled 
continuously  with  such  a  system,  a  liter  sample  of  waste  solution 
should  have  no  precipitation  after  standing  for  12  hr. 

Similar  influent  quality  restrictions  are  given  for  the 
f 1 u i d i zed  -  bed  technology  recommended  for  in-field  treatment  of 
dilute  aqueous  wastes.  To  be  effective,  the  organic  content 
of  the  water  must  be  readily  b i odegradab 1 e  (e.g..  present  a  rela¬ 
tively  high  measureable  5-day  BOD).  The  process  uses  a  biolog- 
cal  slime  growth  to  affect  removals.  Any  oil  which  is  considered 
even  slightly  toxic  will  not  be  treatable. 
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TABLE  33.  SYSTEM  OS-2:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item* 

No. 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

3 

positive  disp. 
pump  and  motor 

1015 

10 

30,300 

(10,100) 

900 

300 

3 

centrifugal  pump 
and  motor 

1016 

10 

18,900 
(  6,300) t 

900 

180 

2 

temp,  storage  tank 

302 

20 

19,000 
(  9,500) + 

2,000 

1  ,000 

1 

open-top  tank 

302 

20 

6,300 

800 

300 

- 

demulsifier 

-- 

-- 

-  0  - 

150 

-  0  - 

1 

oil /water 
separator 

1213 

20 

13,900 

1 ,500 

700 

40 

portable  tanks 

304 

10 

36,000 
(  900)  + 

6,500 

7 ,500 

40 

drums  and  pallets 

305 

5 

3,000 
(  75)  + 

960 

-  0  - 

1 

forkl i ft 

401 

10 

24,000 

2,400 

1 ,200 

1 

vacuum  tank 

503 

10 

20,000 

2,000 

1 ,000 

1 

flatbed  trailer 

513 

10 

8,700 

870 

400 

1 

truck-tractor 

514 

10 

59,000 

6,000 

4,000 

I 

dump  truck 

501 

10 

50,000 

3,700 

2,500 

I 

sludge  press 

1308 

10 

50,000 

4,000 

2,500 

1 

conveyor 

903 

5 

7,710 

500 

400 

1 

package  chem. 
treat. 

1501 

20 

52,000 

2,000 

2,600 

7 

package  biolog. 
treat. 

1603 

20 

55,000 

2,100 

2,800 

7 

package  ultra- 
filt. 

1404 

20 

60,000 

2,300 

3,000 

contingency  (10%) 

— 

-- 

51 ,381 

-- 

-- 

Life  Cycle  Cost  = 
Total  Annual  Cost  = 

$1,192 
$  39 

,045 

,580 

♦Appendix  D. 
tUnit  costs 


Chemical  treatment  of  dilute  oil/water  separator  effluents 
is  an  alternative  to  filtration  or  biological  treatment .  Pre¬ 
cipitating  agents  for  a  number  of  organic  compounds  are  available 
and  can  be  selected  to  match  the  waste  stream,  and  added  in  the 
package  system. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Hand  1 ed -- 

The  following  maximum  total  throughput  flow  (influent)  rates 
are  estimated  for  each  portable  package  unit: 

Chemical  57  t/min  (15  gal/min) 

Biological  treatment  114  «./min  (30  gal/min) 

Filtration  646  «./min  (170  gal/min) 

Since  the  preceding  System  OS-1  pumps  and  oil/water  separator 
can  approach  a  throughput  flow  rate  of  1,900  */min,  500  gal/min, 
it  is  probable  that  the  three  supplementary  treatment  options 
included  in  this  system  would  be  system  limiting.  An  optional 
temporary  storage  tank  is  therefore  included  in  this  system  to 
provide  for  storage  of  processed  effluents  and  controlled  feed 
to  the  selected  package  treatment  system.  Provision  for  a  570,000  i 
(150,000  gal)  tank  would  allow  for  continuous  processing  of 
589,000  i  of  spill  mass  before  the  system  would  have  to  discon¬ 
tinue  receiving  collected  spill  mass  and  process  some  portion  of 
the  stored  volume. 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 
All  equipment  components  included  in  System  0S-2  are  avail¬ 
able  on  the  commercial  market.  Development  of  the  various  treat¬ 
ment  units  (chemical,  biological,  or  filtration)  into  a  mobile 
system  would  require  adaptation  of  the  package  units  to  mounting 
on  skids  or  a  flatbed  truck.  Auxilliary  service  and  pumping 
equipment  must  also  be  adapted  for  mobile  applications. 

Environmental  Impacts  of  System  Operations  and  Mitigation 
Measures-- 

See  description  of  System  0S-1. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  34  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  0S-2.  Plans  for  each  element 
are  shown  in  the  indicated  figures. 

Transportability  by  Existing  Coast  Guard  Vessels  and  Aircraft-- 
Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels  and  the  transportability 
of  equipment  included  in  disposal  System  0S-2. 
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TABLE  34.  SYSTEM  OS- 2:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment 

Element 

Item 

No. 

L(m) 

W  (m) 

H  (nil 

D 

Weight  (kg) 

Figure* 

Positive  disp.  pump 
&  motor 

1015 

0.60 

0.45 

0.33 

215 

E-20 

Centrifugal  pump 
&  motor 

1016 

1.5 

0.45 

0.60 

_ 

184 

E-21 

Temporary  tank 
(in  envelope) 

302 

1.2 

3.0 

5.8 

_ 

15260 

E-2 

Temporary  tank 
(in  envelope) 

302 

1.2 

3.0 

1.2 

_ 

2700 

E-2 

Oil /water  separator 

1213 

3.86 

2.08 

1.50 

-- 

1910 

E -22 

Portable  tanks 

304 

1.07 

1.2 

1.8 

-- 

765 

E-4 

Drums  &  pallets 

305 

1.9 

1.5 

2.4 

— 

6.80 

E-5 

Fork  lift 

401 

4.57 

2.26 

3.76 

-- 

4540 

E-6 

Vacuum  tank 

503 

9.80 

2.43 

3.35 

-- 

7484 

E-8 

Flatbed  trailer 

513 

13.0 

2.64 

1.20 

— 

4590 

E-9 

Truck-tractor 

514 

5.98 

2.44 

2.98 

— 

19800 

E-10 

Dump  truck 

501 

5.1 

2.43 

1 .80 

— 

2358 

E-7 

Sludge  press 

1308 

4.00 

2.40 

1.12 

— 

2268 

E -24 

Conveyer 

903 

-- 

var. 

— 

— 

var. 

E- 19 

Package  chem.  treat. 

1501 

4.1 

2.44 

2.64 

— 

5670 

E-26 

Package  bio.  treat. 

1603 

-- 

-- 

4.7 

0.46 

'5000 

E -27 

Package  ultra-filt. 

1404 

4.57 

1.22 

1.83 

-- 

2313 

* 

For  conceptual  drawing,  see  figure  number  indicated.  Appendix  E. 


Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Ai rcraf t-- 

See  Appendix  F. 

Special  Requ i remen ts -  - 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  elements.  During 
simultaneous  operation  of  all  equipment  elements,  it  is  esti¬ 
mated  that  a  maximum  crew  of  six  persons  is  required.  This 
includes  one  pump  tender,  two  persons  for  tank  erection  and  moni¬ 
toring,  a  treatment  plant  operator,  and  two  drivers. 

System  OS-3 

The  system  is  described  as  follows  (Figure  27): 

Liquids  are  received,  pumped,  stored,  and  demulsified 
or  separated  by  an  oil/water  separator  in  the  same  manner 
as  described  in  System  OS-1.  Concentrated  recovered  liquids 
are  burned  in  a  portable,  on-site  incinerator  system. 

Critical  equipment  elements  of  the  system  are  shown  in  Table  35. 
The  total  life  cycle  cost  and  annual  system  cost,  based  on  a 
system  lifetime  of  20  yr  are  $1,226,871  and  $30,080  respectively. 

Oils  Which  Can  and  Cannot  be  Handled-- 

Any  combustible  oil  which  is  relatively  free  of  water  can 
be  burned  in  the  portable  incinerator.  For  a  combustion  flame 
to  be  self-sustaining,  the  ai r/combusti bl e  mixture  must  have  a 
minimum  energy  level  of  about  50  Btu/scf.  If  the  oil  to  be 
disposed  does  not  have  sufficient  Btu  content,  then  an  independ¬ 
ent  source  of  fuel  (natural  gas,  l.p.  gas,  or  oil)  is  injected 
to  the  combustion  chamber  to  bring  the  charge  to  ignition  tem¬ 
perature  and  the  sustained  combustion  at  an  efficient  level.  The 
incinerator  included  in  this  system  is  adaptable  to  either  method 
of  operation  and  is  therefore  applicable  to  all  groups  of  oils 
as  described  in  Appendix  A.  The-  limiting  factor  in  the  handling 
of  oil  spill  masses  is,  therefore,  the  oil/water  separator  com¬ 
ponent  as  described  under  system  0S-1  (good  for  Groups  I,  II, 

IV,  and  marginal  for  the  more  viscous  oils  in  Groups  III  and  V). 
Group  IV  should  also  be  avoided  due  to  explosion  danger. 

The  incinerator  included  in  this  system  is  also  capable  of 
burning  organic  sludges  such  as  those  which  can  be  generated  by 
Systems  0S-2. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 

The  incinerator  burning  capacity  for  liquid  wastes  is  about 
7.6  £ / m i n  (2  gal/min).  Assuming  processing  of  a  50  percent 
oil/50  percent  water  mixture  at  1,900  f/min  (500  gal/min)  in  the 
oil/water  separator,  a  maximum  possible  concentrated  oil  dis¬ 
charge  rate  of  950  st/min  (250  gal/min)  (actually  somewhat  high, 
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FIGURE  27.  SYSTEM  OS- 


TABLE  35.  SYSTEM  OS-3:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item* 

No. 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

3 

positive  disp. 
pump  and  motor 

1015 

10 

30,300 

(10,100)1 

900 

300 

4 

centrifugal  pump 
and  motor 

1016 

10 

25,200 
(  6,300)  + 

1 ,200 

240 

1 

temp,  storage  tank 

302 

20 

9,500 

1 ,000 

500 

1 

temp,  storage  tank 

302 

20 

3,200 

600 

200 

- 

demulsifier 

-- 

-- 

-  0  - 

150 

-  0  - 

1 

oi 1 /water 
separator 

1213 

20 

13,900 

1  .500 

700 

40 

portable  tanks 

304 

10 

36,000 
(  900)1- 

6,500 

1  .500 

40 

drums  and  pallets 

305 

5 

3,000 
(  75)' 

960 

-  0  - 

1 

forkl ift 

401 

10 

24,000 

2,400 

1 ,200 

1 

vacuum  tank 

503 

10 

20,000 

2 ,000 

1 ,000 

O 

L 

flatbed  trailer 

513 

10 

17,400 
(  8,700) 

870 

400 

1 

truck-tractor 

514 

10 

118,000 
(59,000) : 

6,000 

4,000 

1 

incinerator 

1910 

10 

190,000 

6,000 

10.000 

contingency  (10%) 

-- 

-- 

30,760 

-- 

-- 

Life  Cycle  Cost 

Total  Annual  Cost  = 

$1,226 
$  30 

,871 

,080 

‘Appendix  [). 
! Unit  costs 


based  on  100  percent  separation  efficiency)  would  be  achieved. 
Temporary  storage,  similar  to  that  required  for  System  OS-2, 
is  therefore  required  to  accommodate  the  oil/water  separator 
discharge  until  it  can  be  burned  in  the  slower  incinerator  unit. 

By  providing  a  42,750  «  (11,250  gal)  tank,  about  86,184  t 
(22,680  gal)  of  spill  mass  could  he  processed  before  the  system 
would  have  to  discontinue  receiving  collected  spill  mass  and 
process  some  portion  of  the  stored  volume.  Complete  incineration 
of  42,750  t  (11,550  gal)  of  oil  would  take  approximately  4  days. 

Incineration  rate  is  the  limiting  factor  in  this  system, 
and  it  is  not  recommended  for  large  spill  mass  volumes  (in 
excess  of  76,000  e  (20,000  q a  1 ) . 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 
All  equipment  components  included  in  System  0S-3  are  avail¬ 
able  on  the  commercial  market.  Development  of  the  incinerator 
unit  into  a  portable,  possibly  mobile  system  would  require 
adaptation  of  the  unit  and  supporting  utilities  to  mounting  on 
a  flatbed  truck  or  on  skids. 

Environmental  Impacts  of  System  Operations  and  Mitigation 
Measures-- 

See  discussion  of  disposal  System  0S-1.  Additional  environ¬ 
mental  impact  will  occur  from  stack  emissions  from  the  incinera¬ 
tor  unit.  Use  of  this  system  is  therefore  not  recommended  at 
shorelines  in  heavily  populated  or  urbanized  zones.  In  remote 
areas,  the  impact  from  any  incinerator  emissions  is  secondary 
to  the  need  for  effective  disposal  of  the  spilled  oil. 

Approximate  Size  and  Weiqht  of  the  Equipment-- 

Table  36  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  0S-3.  Flans  for  each  element 
are  shown  in  the  indicated  figures. 

Transportability  by  Existing  Coast  Guard  Vessel  and  Aircraft-- 
Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels  and  the  transportability 
of  equipment  included  in  System  OS -3. 

Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Ai rcraf t-- 

S  e  e  Appendix  F  . 

Special  Requirements-- 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  elements.  During 
operation. of  all  equipment  elements,  it  is  estimated  that  a 
maximum  crew  of  eight  persons  are  required.  This  includes  two 
pump  tenders,  one  person  for  tank  erection  and  one  driver. 
Additional  crew  will  be  required  for  operation  of  the  system  as 
described  under  System  0S-1. 
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TABLE  36.  SYSTEM  OS-3:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment 

Element 

Item 

No. 

L  (m) 

W  (m) 

H  (m) 

Weiqht  (kq) 

Fioure 

Positive  disp.  pump 
&  motor 

1015 

0.60 

0.45 

0.33 

215 

E-20 

Centrifugal  pump 
&  motor 

1016 

1.5 

0.45 

0.60 

184 

E-21 

Temporary  tank 
(in  envelope) 

302 

1.2 

3.0 

5.8 

15260 

E-2 

Temporary  tank 
(in  envelope) 

302 

1.2 

3.0 

1.2 

2700 

E-2 

Oil /water  separator 

1213 

3.86 

2.08 

1.50 

1910 

E-22 

Portable  tanks 

304 

1.07 

1.2 

1.8 

765 

E-4 

Drums  &  pallets 

305 

1.9 

1.5 

2.4 

6.80 

E-5 

Fork  lift 

401 

4.57 

2.26 

3.76 

4540 

E-6 

Vacuum  tank 

503 

9.80 

2.43 

3.35 

7484 

E-8 

Flatbed  trailer 

513 

13.0 

2.64 

1.20 

4590 

E-9 

Truck-tractor 

514 

5.98 

2.44 

2.98 

19800 

E-10 

Incinerator 

1910 

5.96 

2.11 

9.91 

19720 

E-31 

*For  conceptual  drawing,  see  figure  indicated.  Appendix  e. 
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Additional  fuel  may  be  required  for  the  incinerator  system 
and  may  be  supplied  by  an  additional  small  tank  truck. 

System  OS -4 

The  system  is  described  as  follows  (Figure  28): 

Liquids  are  pumped  from  the  primary  recovery  vessel 
(PRV),  or  from  other  on-site  processing  activities,  into  a 
temporary  storage  tank.  Aqueous  and/or  concentrated  wastes 
are  disposed  by  on-site  burial  or  land  cultivation,  using 
a  tank  truck  or  cultivator  and  earth  moving  equipment.  The 
disposal  site  is  analyzed  and  monitored  for  potential  soil 
and  groundwater  contamination. 

Critical  equipment  elements  of  the  system  are  shown  in 
Table  37.  The  total  life  cycle  cost  and  annual  system  cost, 
based  on  a  system  life  of  20  yr,  are  estimated  to  be  $240,678 
and  $7,000,  respectively. 

Oils  Which  Can  and  Cannot  Be  Handled-- 

All  oil  groups  defined  in  Appendix  A  may  be  disposed  to 
land  if  they  are  present  in  aqueous  wastes  in  small  quantities. 
Concentrated  waste  oils  in  Groups  II  and  III  may  also  be  applied 
to  land  disposal.  Concentrated  oils  in  Groups  I,  IV,  and  V  may 
generate  explosive  vapors  and  should  not  be  applied  to  land 
using  heavy  machinery.  The  lighter  viscosity  and  mildly  toxic 
character  istics  of  the  water-soluble  fractions  of  the  jet  fuels 
and  kerosene  make  them  more  able  to  pass  through  a  soil/ground 
water  matrix  and  damage  adjacent  water  courses.  Other  processing 
options  should  be  considered  for  these  groups  and,  if  no  other 
option  exists,  land  disposal  should  be  conducted  only  under 
carefully  controlled  and  monitored  conditions. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 

The  volume  of  liquids  which  are  disposed  of  by  System  OS-4 
may  be  determined  by  the  pump  delivery  capability,  the  storage 
tank  capacity,  the  rate  and  method  of  application  to  the  land, 
or  the  disposal  site  capacity. 

Capacity  of  the  land  disposal  site  is  determined  on  a  case- 
by-case  basis.  A  disposal  equipment  system  should,  therefore, 
be  provided  which  is  capable  of  delivering  and  applying  waste 
fluids  as  rapidly  as  possible. 

The  approximate  pumping  rate  of  the  selected  pumps  for 
short  vertical  lift  distances  is  665  «/min  (175  gal/mi n)  for 
the  positive  displacement  pump  and  532  </min  (140  gal/min)  for  the 
centrifugal  pump.  (Actual  delivery  rates  are  dependent  upon  fluid 
viscosities  and  other  factors.)  The  f i el d -erec tabl e  temporary 
storage  tank  can  provide  up  to  42,773  «  (11,256  gal)  storage 
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FIGURE  23.  SYSTEM  OS- 


TABLE  37.  SYSTEM  OS-4:  CRITICAL  EQUIPMENT  ELEMENTS 


Qty 

Equipment 

Element 

Item 

No.* 

Estimated 

Life 

(Yr) 

Capital 
Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

2 

positive  disp. 
pump  and  motor 

1015 

10 

20,200 

(10,100)J 

600 

200 

2 

centrifugal  pump 
and  motor 

1016 

10 

12,600 
(  6,300)  + 

600 

120 

2 

temp,  storage  tank 

302 

20 

6,400 
(  3,200) t 

800 

300 

1 

liquid  applicator 
vacuum  truck 

2014 

10 

53,000 

5,000 

2,600 

contingency  (10%) 

-- 

-- 

9,220 

_ 

Life  Cycle  Cost  =  $240,678 
Total  Annual  Cost  =  $  7,000 


♦Appendix  D. 
•■Unit  costs. 
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capacity.  The  tank  truck  equipped  with  the  subsurface  applicator 
can  inject  about  2,660  z  (700  gal)  of  waste  material  per  minute. 
The  liquid  applicators  are  equipped  with  6,080  z  (1,600  gal) 
capacity  tanks.  Approximately  six  loads  can  be  run  per  hour 
allowing  for  a  5  to  6  min  load-unload  cycle  and  4  to  5  min  for  on- 
the-road  time  traveling  between  the  storage  tank  and  the  disposal 
site.  Therefore,  during  an  8-hr  day,  up  to  291,840  i  (76,800  gal) 
of  waste  may  be  applied.  Therefore, duri ng  a  1-hr  period,  the 
pump  can  deliver  a  maximum  of  39,900  z  (10,500  gal)  to  the  holding 
tank,  and  the  truck  can  remove  36,480  z  (9,600  gal).  This  leaves 
a  surplus  in  the  tank  of  3,420  t/hr  (900  gal /hr)  .  For  processing 
570,000  z  (150,000  gal)  of  spill  mass  fluids,  this  surplus  would 
become  49,020  z  (12,900  gal)  during  a  14.3-hr  operational  period. 
Additional  storage  capacity  of  34,200  z  (9,000  gal)  should  also 
be  provided  for  dealing  with  truck  delays  on  the  road  or  at  the 
disposal  site.  Therefore,  the  two  portable  storage  tanks  with 
a  storage  capacity  of  42,773  z  (11,256  gal)  each  are  included  in 
the  system. 

Technical  Feasibility  of  Development  Including  Critical  Elements-- 

All  equipment  components  included  in  System  OS-4  are  avail¬ 
able  on  the  commercial  market  and  are  readily  transferred  to  the 
site  of  operations.  Development  of  the  equipment  into  a  mobile 
Coast  Guard  response  system  would  require  little  engineering 
expense  other  than  proper  sizing  and  acquisition  of  the  compo¬ 
nents  . 

Environmental  Impacts  of  System  Operations  and  Mitigation 
Measures-- 

Potential  for  environmental  impacts  from  operation  of  on¬ 
site  disposal  System  OS-4  include  the  following: 

•  Accidental  spillage  during  pump-out  of  the  primary 
recovery  vessel  or  transfer  of  liquid  wastes  from  other 
on-site  operations 

•  Overfilling  or  leakage  from  the  temporary  storage  tanks 

•  Contamination  of  groundwater  and/or  adjacent  surface 
waters  and  soils  caused  by  improper  disposal  site  selec¬ 
tion  and/or  waste  application. 

Accidental  oily  discharges  from  wa ter-to -shore  transfers  can  be 
contained  by  providing  a  boom  around  the  unloading  vessel  and 
all  transfer  operations.  Sorbent  materials  should  also  be  pro¬ 
vided  to  retrieve  any  small  volumes  of  discharged  wastes. 

Overfilling  of  the  temporary  storage  tanks  can  be  prevented 
by  the  same  mitigating  procedures  described  for  System  0S-1. 

Manuals  for  proper  oily  waste  disposal  site  selection  and 
operation  are  available  (56)  and  should  be  utilized  during  the 
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application  of  System  OS-4.  The  following  is  a  summary  of  some 
basic  site  location  procedures  which  should  be  followed: 

•  Identify  existing  waste  disposal  sites 

•  Identify  vacant  land 

-  Use  maps,  aerial  or  ground  reconnaissance 

-  Confer  with  large  1  a ndowner s/ broker s 

•  Determine  ownership 

-  For  assessment  of  difficulties  to  secure 

-  For  personal  contract  negotiations 

-  To  determine  whether  public  lands  are  preferred 

•  Gather  background  information 

•  Develop  environmental  protection  criteria 

•  Evaluate  suitability  of  each  prospective  site 

•  Select  site  best  suited  for  debris  disposal. 

If  a  controlled  waste  disposal  site  operated  by  a  munici¬ 
pality  or  industry  is  located  nearby,  it  should  be  considered 
as  a  good  alternative  to  on-site  disposal.  A  discussion  of  land 
disposal  of  oily  wastes  at  established  sites  is  included  in 
Appendix  G  of  this  report. 

Potential  environmental  problems  to  expect  at  an  oil  spill 
disposal  site  include  the  following: 

•  Surface  runoff  of  oily  materials 

•  Surface  settlement  and  ponding  of  surface  waters 

•  Contamination  of  groundwater  with  constituents  of  the  dis¬ 
posed  mass  by 

-  Infiltration  of  groundwater  into  the  debris 

-  Leaching  of  oils  from  the  disposed  mass  to  the  ground- 
water 

•  Retarded  oil  degradation  (at  land  cultivation  sites). 

A  monitoring  program  should  be  developed  to  help  control  the 
impact  of  the  above  phenomena. 

Approximate  Size  and  Weight  of  the  Equipment-- 

Table  38  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  OS-4.  Plans  for  each  element 
are  shown  in  the  indicated  figures. 
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TABLE  38.  SYSTEM  OS-4:  DIMENSIONS  AND  WEIGHTS  OF 
_ CRITICAL  EQUIPMENT  ELEMENTS _ 


Equipment  Element 

Item  No. 

L  (m) 

W  (m) 

H  (m) 

Weight  (kg) 

- w - 

Figure 

Positive  displace¬ 
ment  pumps  and 
motor 

1015 

0.60 

•  0.45 

0.33 

215 

E-20 

Centrifugal  pumps 
and  motor 

1016 

1.5 

0.45 

0.60 

184 

E-21 

Open-top  tanks 
(in  envelope) 

302 

1.2 

3.0 

0.3 

885 

E-2 

Liquid  applicator 
vacuum  truck 

2014 

5. 

2.9 

3.4 

3,000 

E- 33 

♦For  conceptual  drawing,  see 

figure  number 

indicated, 

Appendix  E. 

Transportability  by  Existing  Coast  Guard  Vessels  and  Aircraft-- 

Appendix  F  describes  the  dimensions  of  various  cargo  holds 
for  Coast  Guard  aircraft  and  vessels  and  the  transportability 
of  equipment  included  in  system  OS-4. 

Transportability  by  Means  Other  Than  Coast  Guard  Vessel  and 
Aircraft-- 

See  Appendix  F. 

Special  Requirements-- 

Specially  trained  Coast  Guard  personnel  are  required  for 
installation  and  operation  of  all  equipment  elements.  During 
simultaneous  operation  of  the  oily  waste  receiving  and  disposal 
processes,  a  maximum  crew  of  five  persons  is  required.  This 
includes  one  pump  tender,  two  persons  for  tank  erection  and 
monitoring,  one  land  disposal  site  caretaker,  and  one  heavy 
equipment  operator. 

Diesel  fuel  must  be  provided  for  operation  of  the  pump 
motors  and  vacuum  truck.  These  items  have  their  own  fuel  tanks. 
On-site  treatment  of  fluids  by  land  application  may  include  pre¬ 
paration  of  a  lagooning  facility.  The  estimated  costs  for  lagoon 
site  preparation  and  closure  of  three  different  size  operations 
are  presented  in  Appendix  G. 

SUMMARY  OF  SECTION  III 

A  variety  of  commercially  available  equipment  is  directly 
applicable  to  the  handling  and  disposal  of  recovered  oil  spill 
masses.  Most  equipment  may  also  be  used  for  dealing  with  float¬ 
ing  chemical  spill  materials,  although  modification  of  storage 
vessels  and  transfer  equipment  is  necessary  to  protect  crew 
personnel  and  the  public  when  volatile  and/or  toxic  chemicals  are 
present. 


'  121 


Thirteen  disposal  equipment  systems  (plus  four  auxiliary 
systems)  are  identified  based  on  literature  and  interview  descrip¬ 
tions  of  past  disposal  experiences.  For  spill  masses  includiding 
oils,  some  systems  are  applicable  both  in  warm  and  cold  weather, 
while  others  are  useful  only  in  warmer  conditions. 

Four  auxiliary  equipment  systems  for  on-site  treatment  and 
disposal  of  recovered  liquids  and  solids  are  also  identified. 

These  equipment  systems  may  be  used  in  conjunction  with  others 
to  provide  additional  "polishing"  treatment  when  required  by 
requlatory  agencies,  or  when  transport  of  spill  materials  to  con¬ 
tracted  off-site  disposal  facilities  is  not  feasible. 
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IV.  Si'll  I  D1SP0S.M  I  QU I PMF  N1  SYSTEMS 
FOR  OILS  AMO  FLOATING  CHEMICALS 


SCENARIO  C  -  OIL  OR  FLOATING  CHFMICAl  .  NO  DLRRIS,  CALM  WEATHER, 
WARM  AIR  TEMPERATURE 

Scenario  C  is  defined  as  follows: 

Oil  or  floating  chemical  dispersed  in  water,  no  solid 

debris,  calm  weather,  warm  air  temperature. 

Oils  and  floating  chemicals  to  be  included  and  considered 
under  Scenario  C  include  the  six  groups  as  defined  in  Appendix 
R.  Environmental  conditions  include  a  moderate  air  temperature 
of  from  15  to  250C.  Typical  chemi ca 1 /wa ter  emulsions  encoun¬ 
tered  can  include  up  to  50  percent  water,  although  this  can  vary 
over  a  wide  range  depending  upon  environmental  conditions  at  the 
spill  site  and  method  of  recovery. 

Chemical  Group  -  1 nso 1 ub 1 e  Volatile  floater  ( I VF  )  -  I 

This  chemical  group  includes  two  oils:  JP-4  and  coal  tar. 
Disposal  equipment  systems  for  oil  Groups  IV  (JP-A)  and  V  (coal 
tar)  are  presented  under  Section  111  of  this  report.  These 
include  equipment  Systems  ?.  3,  and  A. 

There  are  33  floating  chemicals  in  this  group  which  include 
many  of  the  short-chain  alkane  and  alkene  isomers,  as  well  as 
gasolines  and  other  light  volatile  distillates.  There  are  no 
toxic  f 1 oa ters  in  I  VF  -  I  . 

A  review  of  all  chemicals  included  in  IVF-t  indicates  that 
all  are  applicable  to  the  systems  defined  in  Section  III  for 
oils:  Systems  2,  1,  and  4. 

Chorn i c  a  1  Group  I  V  F  - 1  1 

None  of  the  oils  listed  in  Appendix  A  are  included  in  this 
group.  These  insoluble  volatile  floating  chemicals  have  a  den¬ 
sity  in  the  neighborhood  of  53  lb/ ft'  at  ?0°C  and  a  flash  point 
below  100°C.  The  group  also  includes  four  1 ow - tempera t u re 
solid  floaters  (1TSF)  and  three  toxic  floaters  (TF):  turpen¬ 
tine,  o - x  y 1 e  n  e ,  and  p - x  y 1 e  n  e . 


Group 
Group  II 


Group  III 


oil :  crude 
oil :  diesel 
oil :  fuel :  No.  2 

oil :  fuel :  No.  2-D 

oil:  absorption 
oil:  lubricating 
oil :  mineral 

asphal t 

oil :  fuel :  No.  4 

oil :  fuel :  No.  5 

oil :  fuel :  No.  6 

oil :  motor 
oil:  neatsfoot 


oil:  mineral  seal 
oil:  rosin 
oil :  sperm 
oil :  tal 1 
oil :  spindle 


oil :  resin 
oi 1 :  road 
oil :  spray 
oil :  tanner's 
oil:  transformer 
oil.  penetrating 


Chemical  Group  INF-I 


Recommended  Disposal 
Equipment  System(s) 

1,  2,  3,  4 


1,  2,  3 


This  group  includes  eight  relatively  non-toxic  and  two  toxic 
insoluble  non-volatile  floating  chemicals  with  densities  around 
49  or  50  1 b / f t ^  at  20°C.  Included  in  this  group  are  some  linear 
alcohols,  many  olefins,  and  several  aromatics  (diethylbenzene 
and  Dowtherm).  The  two  toxic  floaters  (TF),  benzaldehyde  and 
2-ethyl -3-propylacrolein  ,  are  both  aldehydes. 


Some  of  the  linear  alcohols  may  be  handled  and  disposed  by 
previously  described  System  1.  The  other  chemical s,  the  olefins 
and  aromatics,  should  not  be  incinerated  on  site.  Handling  and 
disposal  by  Systems  2,  3,  or  4  are  recommended. 


The  two  toxic  floaters,  benzaldehyde  and  2-ethyl-3- 
propyl acrol ein ,  can  be  collected  from  the  site  of  operations  and 
transferred  to  an  off-site  disposal  or  reprocessing  facility  by 
the  equipment  included  in  Systems  2  or  3.  Storage  tanks  should 
be  pressure  sealable  to  prevent  the  escape  of  toxic  vapors.  All 
disposal  crew  personnel  involved  with  receiving  the  collected 
spill  mass  can  be  provided  with  protective  clothing  and  enclosed 
breathing  apparatus. 

Chemical  Group  INF-II 

Twenty-one  insoluble,  nonvolatile  floating  chemicals,  includ¬ 
ing  one  toxic  floater  (naphtha-coal  tar)  are  included  in  this 
group.  These  materials  exhibit  a  density  close  to  53  to  55 
1 b/ f t 3  at  20°C,and  include  naphthas,  esters,  and  the  heavier, 
long-chain  alcohols.  Disposal  equipment  Systems  1,  2,  3,  and  4 
are  directly  applicable  to  dealing  with  all  the  chemicals  included 
in  INF-II. 


Systems  2  and  3  should  be  used  with  storage  vessels  modi¬ 
fied  to  contain  all  potential  toxic  vapors.  Personnel  involved 
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with  transfer  points  in  Systems  2  or  3  should  be  provided  with 
protective  clothing. 

Chemical  Group  INF- 1 1 1 

Asphalt  blends  and  edible  oils  comprise  the  majority  of 
11  floating  chemicals  included  in  this  group, and  have  relatively 
high  viscosities  (about  1  ,700  centi  poise  at  20OC).  Most  of  these 
oils  can  be  incinerated  or  transported  to  shore  for  on-site 
treatment  or  delivery  to  an  off-site  processing  disposal  facility. 
Disposal  equipment  Systems  1,  2,  3,  and  4  are  equally  applicable 
to  this  group  of  chemicals.  Positive  displacement  pumps  should 
be  selected  over  centrifugal  pumps  for  conducting  collection  and 
transfer  operations. 

No  toxic  floating  chemicals  are  included  in  group  1NF-III. 

Chemical  Groups-Soluble  Volatil  e_  Flo  a  ter  (SVF)  and 
Sol uble  Non-Vo  1 atile  Floaters  TSNT) 

The  soluble  volatile  and  nonvolatile  floaters  may  be  col¬ 
lected  in  the  same  manner  as  the  insoluble  chemicals.  The  pri¬ 
mary  difference  is  that  incident  water  collected  with  the  spill 
mass  will  be  contaminated  and  contain  a  dissolved  portion  of  the 
chemical.  Separated  spill  mass  water  fractions  must  therefore 
be  further  processed  by  one  of  the  four  on-site  treatment  systems 
(OS-1,  OS-2,  OS-3,  or  OS-4)  before  being  discharged  to  the  receiv¬ 
ing  environment. 

The  soluble  nature  of  many  of  the  chemicals  in  these  two 
overall  groups  means  that  many  are  toxic  floaters. 

The  soluble  volatile  floaters  (SVF-I,  SVF-1I,  and  SVF-III) 
include  the  lighter  and  heavier  esters  (acetates)  as  relatively 
nontoxic  compounds,  and  the  monomers  and  polymerizable  esters 
(acrylates)  as  toxic  constituents. 

The  soluble  nonvolatile  floaters  (SNF-I,  SNF-II,  and 
SNF-III)  include  alcohols,  nontoxic  acrylates,  and  other  miscel¬ 
laneous  compounds.  No  toxic  floaters  are  included  in  the  soluble 
nonvolatile  floater  (SNF)  grouping. 

All  nontoxic  chemicals  in  the  SVF  and  SNF  groups  can  generally 
be  handled  by  Systems  1,  2,  3,  or  4  (Section  III).  Systems  2  and 
3, with  storage  modifications  and  protective  c 1 o thi ng , shou 1 d  be 
used  for  dealing  with  the  toxic  floaters  (acrylates,  toluene 
derivatives,  hydroperoxide,  and  amines)  encountered  in  the  soluble 
volatile  f 1 oa  ters . 
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SCENARIO  D  -  OIL  OR  CHEMICAL  GROUP-LOW  TEMPERATURE  "SOLID" 

FLOATER  ( LTSF )  ,  NO  DEBRIS,  STORMY  WEATHER,  COLD 
AIR  TEMPERATURE 

Scenario  D  is  defined  as  follows: 

Oil  or  floating  chemical  dispersed  in  the  water,  no 
solid  debris,  stormy  weather,  cold  air  temperature. 

Certain  chemicals,  exclusive  of  oils  listed  in  Appendix  A, 
are  identified  as  low-temperature  "solid"  floaters  (LTSF).  Consti¬ 
tuents  of  this  group  exhibit  one  of  the  following  characteris¬ 
tics: 

•  Chemicals  which  become  highly  viscous  at  or  near  0°C 

•  Polymeric  chemicals  which  become  brittle  at  or  near  0  C 

•  Chemicals  with  freezing  points  at  or  near  0°C. 

All  materials  in  this  group  present  a  need  for  special  transfer 
equipment  in  scenarios  exhibiting  cold  air  temperatures. 

The  following  chemicals  act  as  LTSFs: 

I V  F - 1 1 :  benzene  (t),  tetradecanol  ,  toluene  2,  4-di i socyanate 
(t)  ,  p-xylene  (t) 

IVF-III:  wax-carnauba ,  wax-paraffin 

INF-I:  di cycl opentad i ene  ,  Dowtherm 

INF-II:  2-ethyl  hexanol  ,  isodecyl  alcohol,  some  linear 
alcohols,  nonanol 

INF-III:  asphalt  bl endi ng -strai ght  run;  oils,  edible  - 
cottonseed 

SNF-I:  isooctyl  alcohol 

SNF-II:  phenol  (t) 

SNF-III:  adiponitrile  (t),  aniline  (t) 

Some  of  the  chemicals  determined  to  be  low  temperature  "solid" 
floaters  are  listed  as  toxic  floaters  (TF),  and  are  so  indicated 
by  a  (t)  in  the  above  list. 

It  is  determined  that  only  those  chemicals  included  as  non¬ 
toxic  LTSF  can  be  accommodated  by  the  modified  disposal  System 
1  described  in  Section  III  of  this  report  under  Scenario  B  for 
oils.  Toxic  chemicals  must  be  handled  by  systems  described  in 
Section  V. 
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SCENARIO  I  -  OIL  OR  FLOATING  CHEMICAL  (SLUDGE  OR  SEDIMENT, 

INORGANIC  SORBENTS  MIX),  CALM  WEATHER,  WARM  AIR 
TEMPERATURE 

Scenario  I  is  defined  as  follows: 

Oil  or  floating  chemicals  mainly  consisting  of  heavy 

sludge,  or  mixed  with  soil,  sand,  sediments,  inorganic 

sorbents,  etc.;  calm  weather,  warm  air  temperature. 

Soils  and  floating  chemicals  included  in  this  scenario  are 
divided  into  six  groups  (Appendix  B).  Environmental  conditions 
include  moderate  air  temperature  of  from  15  to  25°C.  Typical 
solid/chemical  mixture  ratios  up  to  5  to  1  are  anticipated.  Solids 
mixed  with  spill  masses  collected  from  off-shore  operations  will 
probably  consist  of  dredged  sediment  or  sand  slurries,  or  oil- 
sorbent  mixtures.  Debris  recovered  at  on-shore  sites  will  not 
exhibit  fluid  characteristics  and  will  probably  consist  of 
chemical-contaminated  sand  or  soils.  It  is  anticipated  that  the 
sludges  and  slurry  materials  will  be  pumpable  by  centrifugal 
pumps  or  by  progressive  cavity  systems. 

Handling  and  disposal  of  the  following  chemical  groups  are 
considered  in  conjunction  with  the  debris  types  defined  for  this 
Scenario  I . 

C hemical  Group  IVF- I 

This  chemical  group  includes  two  oils:  JP-4  and  coal  tar. 
Disposal  equipment  systems  for  oil  Group  IV  (JP-4)  and  V  (coal 
tar)  are  presented  in  Section  III.  These  include  equipment 
Systems  5,  6,  and  7. 

There  are  33  floating  chemicals  in  this  group  which  include 
many  of  the  short-chain  alkane  and  alkene  isomers, as  well  as 
gasolines  and  other  light  volatile  distillates.  These  materials 
commonly  become  associated  with  soils,  sands,  and  sorbent  materials 
during  spills  and  subsequent  clean-up  operations.  There  are  no 
toxic  floaters  in  IVF-I.  Review  of  all  chemical  debris  mixtures 
included  in  Group  IVF-I  under  Scenario  I, Indicates  that  all  can 
be  handled  by  the  systems  previously  defined  for  such  oil-debris 
mixtures:  Systems  5,  6,  and  7. 

Chemical  Group  IV F -J  I 

Under  the  environmental  conditions  defined  for  Scenario  I, 
all  of  the  relatively  nontoxic  chemicals  in  this  group  can  be 
handled  by  equipment  Systems  5,  6,  and  7.  None  of  the  oils  lis¬ 
ted  in  Appendix  A  are  included  in  this  group.  The  group  includes 
three  toxic  floaters  (TF):  turpentine,  o-xylene,  and  p-xylene. 
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The  toxic  floaters  included  in  this  group  should  be  handled 
using  System  5  for  off-shore  recovery,  and  System  7  for  on-shore 
recovery.  Equipment  modifications  include  requirements  for 
sealed,  nonvented  tanks  on  vacuum  trucks,  and  for  on-site  storage. 
Such  vessels  will  prevent  toxic  fumes  from  coming  in  contact 
with  the  disposal  crew.  The  systems  also  must  include  provisions 
for  protective  clothing  and  closed  breathing  apparatus  for  the 
crew  members  stationed  at  collection  and  transfer  operations. 

Chemical  Group  IVF-III 

Tridecanol,  carnauba  wax,  and  paraffin  are  the  three  float¬ 
ing  chemicals  comprising  this  group.  There  are  no  toxic  floaters. 
The  chemicals  are  highly  viscous,  yet  may  still  become  mixed  with 
fine  debris  materials.  Conveyor  and  other  transfer  storage  sys¬ 
tems  designed  to  handle  sludges,  soils,  etc.,  will  generally  accom¬ 
modate  these  heavy  compounds.  Disposal  Systems  5,  6,  and  7  are 
all  able  to  accommodate  these  chemical -debris  spill-mass  mixtures. 

Chemical  Group  IVF -IV 

This  group  is  comprised  of  oil  Group  IV:  jet  fuel-JP-4. 
Systems  5,  6,  and  7  are  recommended  for  handling  oil-debris 
mixtures. 

Chemical  Group  1VF-V 

This  group  is  comprised  of  oil  Group  V:  coal  tar.  Systems 

5,  6,  and  7  are  recommended  for  oil  Group  V. 

Chemical  Group  INF-Oils 

All  oils  in  this  group  are  also  included  in  the  oil  groups 
considered  in  Section  III  of  this  report.  The  oil-debris  mix¬ 
tures  can  be  disposed  of  by  any  of  the  Systems  5,  6,  or  7. 

Other  Ch emical  Group s 

The  remaining  floating  chemical  groups  and  debris  mixtures 
considered  under  Scenario  I  may  all  be  accommodated  by  Systems  5, 

6 ,  or  7 . 

Compounds  which  are  included  in  the  toxic  floaters  (TF)  group 
must  be  accommodated  by  System  5  or  7,  modified  to  provide  waste 
vapor  containment  and  protective  clothing  and  breathing  apparatus 
for  the  disposal  crew. 
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SCENARIO  J  -  OIL  OR  FLOATING  CHEMICAL  (SLUDGE  OR  SEDIMENT, 

INORGANIC  SORBENTS  MIX),  STORMY  WEATHER,  COLD  AIR 
TEMPERATURE  -  CHEMICAL  GROUP  LTSF 

Scenario  J  is  defined  as  follows: 

Oil  or  floating  chemicals  mainly  consisting  of  heavy 
sludge,  or  mixed  with  soil,  sand,  sediments,  inorganic 
sorbents,  etc.;  stormy  weather, cold  air  temperature 

All  chemicals  warranting  special  consideration  under  this 
scenario's  defined  environmental  conditions  (air  temperature  at 
or  below  0°C)  are  included  in  the  group  called  "Low  Temperature 
Solid  Floaters"  (LTSF).  All  these  materials  are  listed  as  fol- 
1  ows : 


dowtherm 
benzene  (t) 
t  etradecanol 

toluene  2,  4 -d i i socya na te  (t) 

p-xylene  (t) 

wax-carnauba 

wax-paraffin 

dicyclopentadiene 


2-ethyl  hexanol 

isodecyl  alcohol 

asphalt  bl end i ng -s tra i gh t  run 

oils,  edible-cottonseed 

isooctyl  alcohol 

phenol  (t) 

ad i poni tr i 1 e  ( t ) 

aniline  (t) 

al drin  ( t) 


Some  of  the  chemicals  listed  above  are  toxic  floaters  and  are 
so  indicated  by  a  (t).  It  is  therefore  determined  that  only  those 
chemicals  included  as  nontoxic  LTSF,  and  involved  in  spill  masses 
defined  by  Scenario  J,  can  be  accommodated  by  System  6.  Toxic 
chemicals  must  be  handled  by  systems  proposed  in  Section  V  for 
hazardous  chemicals. 


SCENARIO  0  -  OIL  OR  FLOATING  CHEMICAL/ORGANIC  SOLIDS  MIX, 

CALM  WEATHER,  WARM  AIR  TEMPERATURE 

Scenario  0  is  defined  as  follows: 

Oil  or  floating  chemical  mixed  with  large  amounts  of 
organic  solids  (seaweed,  storm  debris,  driftwood,  flotsam, 
organic  sorbents,  etc.);  calm  weather,  warm  air  temperature. 

Oils  and  floating  chemicals  included  in  this  scenario  are 
divided  into  six  groups  based  on  density,  volatility,  solubility, 
and  viscosity  (Appendix  B).  Environmental  conditions  include 
moderate  air  temperature  of  15  to  25°C.  Typically,  the  total 
spill  mass  volume  can  be  as  much  as  t  00  times  the  volume  of  the 
original  spilled  component.  The  oil  and  chemicals  may  be  adher¬ 
ing  to  the  organic  debris  or  absorbed  within  tissues,  void  spaces, 
etc.,  or  both.  The  recovered  spill  mass  is  not  pumpable,and  must 
be  collected  and  transferred  without  the  assistance  of  pumping. 
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Handling  and  disposal  of  the  following  chemical  groups  are 
considered  in  conjunction  with  the  debris  types  and  environmental 
conditions  defined  for  Scenario  0. 

Chemical  Group  IVF-I 

This  group  includes  two  oils:  JP-4  and  coal  tar.  Disposal 
equipment  systems  for  oil  Groups  IV  (JP-4)  and  V  (coal  tar)  are 
presented  under  Scenario  M  in  the  previous  section.  Disposal 
equipment  systems  applied  to  these  oil  groups  are  Systems  8,  9, 
and  11. 

The  33  floating  chemicals  in  Group  IVF-I  include  many  of  the 
short-chain  alkane  and  alkene  isomers, as  well  as  gasolines  and 
other  light  volatile  distillates.  These  materials  commonly 
become  associated  with  large  organic  debris  materials  during 
spills  and  subsequent  clean-up  operations.  There  are  no  toxic 
floaters  included  in  group  IVF-I. 

Review  of  all  chemi ca 1 -debr i s  mixtures  possible  under  Group 
IVF-I  and  Scenario  0, indicates  that  all  of  them  can  be  handled  by 
the  systems  defined  for  such  oil-debris  mixtures:  Systems  8,  9, 
and  11.  System  10  includes  a  shredding  or  chipping  process,  and 
is  avoided  due  to  possible  generation  of  explosive  conditions  in 
the  grinding  or  chipping  chamber. 

Chemical  Group  I VF-  1 1 

None  of  the  oils  listed  in  Appendix  A  are  included  in  this 
group,  which  includes  three  toxic  floaters  (TF):  turpentine, 
o-xylene,  and  p-xylene. 

Since  group  IVF-I I  is  defined  as  a  volatile  collection  of 
compounds,  shredding  or  chipping  of  organic  debris  without  wash¬ 
ing  to  remove  adhering  chemicals  is  not  recommended.  Systems  8, 

9,  and  11  are  proposed  for  transporting  and  disposing  of  these 
sp i 1 1  -  mass  materials. 

The  toxic  floaters  included  in  this  group  should  be  trans¬ 
ported  directly  to  off-site  treatment  and/or  disposal  as  stipulated 
under  System  8,  rather  than  processed  on  site  as  called  for  in 
Systems  9,  10,  or  11.  On-board  handling  of  debris  should  also 
be  minimized,  and  debris  containers  should  be  provided  with  seal- 
able  lids  to  contain  dangerous  vapors.  The  system  equipment 
should  include  protective  clothing  and  closed  breathing  appara¬ 
tus  for  those  working  close  to  collection  and  debris  transfer 
operations. 

C h r mi  cal  Gr oup  I VF- 1 1 1 

Tridecanol,  carnauba  wax,  and  paraffin  are  the  three  float¬ 
ing  chemicals  comprising  this  group,  which  does  not  include  any 


131 


toxic  floaters.  The  chemicals  are  highly  viscous,  yet  may  still 
become  mixed  with  large  organic  materials.  This,  however,  does 
not  appreciably  limit  the  mode  of  transfer  and  storage,  which  is 
already  limited  by  the  heterogeneous  and  bulky  nature  of  the  solid 
debris  component.  Therefore,  disposal  Systems  8,  9,  and  11  are 
able  to  accommodate  these  chem i cal -debr i s  spill -mass  mixtures. 
System  1U  is  omitted  because  these  compounds  are  considered  vola¬ 
tile  and  could  yield  explosive  vapors  and  associated  fire  hazards 
in  chipping  or  shredding  operations. 

C  h  emj  cal  d  r  o  u  p  I V  F  -IV 

This  group  is  comprised  of  the  oil  Group  TV  (jet  fuel  JP-4). 
Systems  8,  and  11  are  recommended  for  handling  oil  spill  masses 
involving  the  volatile  fuel. 

Chemical  Group  I  V F - V 

This  group  is  comprised  of  oil  Group  V:  coal  tar.  Systems 
8,  9,  and  11  are  recommended  for  handling  oil  spill  masses  involv¬ 
ing  the  volatile  organic  mixture. 

Chemical  Group  INC -Oils 

All  oils  in  this  group  are  also  included  in  the  oil  groups 
considered  in  Section  III  of  this  report.  The  oil-debris  mixtures 


may  be  disposed  by  any 
following  oils: 

of  Systems  8,  9,  10, 

or  1 1 

,  except 

JP-1 

Oil:  Fuel: 

No  . 

1 

JP-3 

Oil:  Fuel: 

No. 

1  -D 

JP-5 

Oil:  Range 

Kerosene 

These  oils  must  not  be  handled  by  System  10  because  of  their 
highly  volatile  characteristics. 

0 1 h e r  C h e mica  1  G r ou p s 

The  remaining  floating  chemicals  and  debris  mixtures  con¬ 
sidered  under  Scenario  0  may  all  be  accommodated  by  Systems  8, 

9,  10,  or  11. 

Compounds  which  are  included  in  the  toxic  floaters  group 
(TF)  must  be  handled  by  System  8  modified  to  provide  waste  vapor 
containment  and  protective  clothing  and  breathing  apparatus  for 
the  disposal  crew.  System  8  should  be  employed  to  transfer  toxic 
chemicals  directly  to  off-site  processing. 


SCENARIO  P  -  OIL  OR  LTSF  CHEMICAL/ORGANIC  SOLIDS  MIX, 

STORMY  WEATHER, COLD  AIR  TEMPERATURE 

Scenario  P  is  defined  as  follows: 

Oil  or  floating  chemical  mixed  with  large  amounts  of 
organic  solids  (seaweed,  storm  debris,  driftwood,  flotsam, 
organic  sorbents,  etc.);  stormy  weather,  cold  air  temperature. 


All  chemicals  warranting  special  consideration  under  this 
scenario's  defined  environmental  conditions  (air  temperature 
at  or  below  0°C)  are  included  in  the  group  called  "Low  Tempera¬ 
ture  Solid  Floaters"  (LTSF).  All  these  materials  are  listed  as 
follows: 


benzene  (t) 
aldrin  (t) 
tetradecanol 

toluene  2, 

4-di isocyanate  (t) 

p-xylene  (t) 

aniline  (t) 


wax-carnauba 

wax-paraffin 

dicyclopentadiene 

Dowtherm 
2-ethyl  hexanol 
isodecyl  alcohol 


asphalt  blending- 
straight  run 


oils,  edible: 
cotton  seed 

isooctyl  alcohol 
phenol  (t) 
adiponitrile  (t) 


Some  of  the  chemicals  listed  above  are  toxic  floaters  and  are  so 
indicated  by  a  (t).  It  is  therefore  determined  that  only  those 
chemicals  included  as  nontoxic  LTSF, and  involved  in  spill  masses 
defined  by  Scenario  P,  can  be  accommodated  by  the  disposal  System 
8  described  under  Scenario  M  for  oils.  Toxic  chemicals  must  be 
handled  as  described  in  Section  V. 


SCENARIO  U  -  OIL  OR  FLOATING  CHEMICAL/LARGE  SOLIDS  MIX,  CALM 
WEATHER,  WARM  AIR  TEMPERATURE 

Scenario  U  is  defined  as  follows: 


Oil  or  floating  chemicals,  primarily  soaking  large 
solids  (pieces  of  dock,  vessels,  trees,  etc.);  calm  weather, 
warm  air  temperature. 

Oils  and  floating  chemicals  included  in  this  scenario  are 
divided  into  six  groups  based  on  density,  volatility,  solubility 
and  viscosity,  and  other  factors  (Appendix  B).  Environmental 
conditions  include  moderate  temperature  of  15  to  25°C. 

The  solid  debris  materials  of  this  scenario  require  special 
machinery  for  lifting, and  are  therefore  different  from  the  solids 


defined  by  preceeding  scenarios,  which  may  be  collected  in  small 
volumes  by  one  man.  Typically,  the  large  objects  are  metallic, 
such  as  pieces  of  vessels  or  damaged  storage  tanks,  or  organic, 
such  as  logs,  plastic  sheeting,  or  debris  from  wooden  structures. 

Through  interviews  with  individuals  invo’ved  in  past  work 
with  large  spill  debris,  it  is  noted  that  oil  and  chemicals  will 
usually  wet  the  outer  surface  of  objects  without  appreciably 
contaminating  the  inner  volume.  Exceptions  include  dry,  rotted 
logs,  the  inner  tissues  of  which  tend  to  act  as  a  sponge  and 
draw  the  chemicals  to  the  interior.  In  general,  objects  with 
a  void  matrix  capable  of  soaking  up  c hem i c a  1 s,  w i 1 1  do  so  unless 
the  space  is  already  occupied  by  another  fluid,  such  as  water. 

The  warm  air  temperature  defined  by  Scenario  U  does  not 
impact  the  handling  or  processing  of  debris  directly;  however, 
chipping  of  organic  objects, or  compaction  of  metallic  objects 
by  cutting  torch, is  not  considered  safe  in  the  presence  of 
highly  volatile  chemicals.  Under  such  circumstances,  the  chemi¬ 
cals  must  first  be  washed  off  the  debris  so  that  they  no  longer 
present  an  explosion  hazard.  Toxic  compounds  must  be  neutralized 
by  special  washing  agents.  Handling  and  disposal  of  the  follow¬ 
ing  chemical  groups  are  considered  in  association  with  the  solid 
debris  defined  by  Scenario  U: 

C h eni ic a  1  Group  I V F -  1 

This  group  includes  two  oils:  JP-4  and  coal  tar.  Disposal 
equipment  systems  for  oil  Groups  IV  (JP-4)  and  V  (coal  tar)  are 
presented  under  Scenario  S.  Disposal  equipment  systems  applied 
to  these  oil  groups  are  12  and  13  (omitting  the  chipping  or 
torching  where  sufficient  pre-removal  of  the  highly  volatile 
chemicals  is  not  possible). 

The  33  floating  chemicals  in  Group  IVF-I  include  many  of 
the  short-chain  alkane  and  alkene  isomers, as  well  as  gasolines 
and  other  light  volatile  distillates.  These  materials  commonly 
become  associated  with  bulky  debris  during  spills.  There  are 
no  toxic  floaters  included  in  Group  IVF-I. 

Review  of  all  c hem i cal -debr i s  mixtures  possible  under  chemi¬ 
cal  Group  IVF-I  and  Scenario  U,  indicates  that  all  of  them  can 
be  handled  by  systems  defined  for  such  oil -debris  mixtures: 
Systems  12  and  13.  However,  as  indicated  above,  where  volatile 
chemicals  cannot  be  adequately  removed  from  the  debris,  chipping 
or  reduction  with  a  cutting  torch  should  be  omitted.  Closed 
vessels  should  never  be  cut  with  a  torch  until  the  nature  of 
the  contents  can  be  determined. 
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Chemical  Group  I V F -  1 1 

None  of  the  oils  listed  in  Appendix  A  are  included  in  this 
group,  which  includes  three  toxic  floaters  ( T  F )  :  turpentine, 
o-xylene,  and  p-xylene. 


Since  Group  I V  F  - 1 1  is  defined  as  a  collection  of  volatile 
compounds,  chipping  or  torching  of  debris  without  adequate  wash¬ 
ing  to  remove  adhering  chemicals  is  not  recommended.  Systems 
12  and  13  are  recommended  for  transporting  and  disposing  of 
organic  and  metallic  debris  sp i 1 1 -masses  . 


The  toxic  floaters  included  in  this  group  should  be  trans¬ 
ported  directly  to  off-site  treatment  and/or  disposal.  However, 
most  debris  defined  by  this  scenario  is  not  amenable  to  trans¬ 
port  in  sealed  containers.  On-site  washing  or  neutralization  of 
the  chemical s, us ing  special  washing  agents, shoul d  be  conducted. 

The  personnel  conducting  the  washing  and  subsequent  transport 
operations  must  be  provided  with  protective  clothing  and  closed- 
system  breathing  apparatus. 

Chemical  Group  I V  F  - 1 1 1 

Tridecanol,  carnauba  wax,  and  paraffin  are  the  three  floating 
chemicals  comprising  this  group,  which  does  not  include  any 
toxic  floaters.  The  chemicals  are  highly  viscous,  but  may  still 
adhere  to  the  surface  of  large  debris  objects.  However,  these 
chemicals  will  yield  to  high-pressure  steam  washings  alternated 
with  solvent  applications.  The  chemicals  do  not  appreciably 
limit  the  mode  of  transfer  or  storage,  which  is  already  limited 
by  the  bulky  nature  of  the  solid  debris  component.  Therefore, 
disposal  Systems  12  and  13  are  able  to  accommodate  these  chemical- 
debris  spill-mass  mixtures.  Again,  chipping  and  torching  should 
be  exc 1 uded, becau se  these  compounds  are  considered  volatile  and 
will  yield  explosive  vapors  and  associated  fire  hazards  during 
such  operations. 

Chemical  Group  IVF-IV 

This  group  is  comprised  of  the  oil  Group  IV:  JP-4.  See 
IVF-I  above. 

Chemical  Group  IVF-V 

This  group  is  comprised  of  the  oil  Group  V:  coal  tar.  See 
IVF-I  above . 
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C hemic al  Group  IV F -0 i  1 s 

All  oils  in  this  group  are  also  included  in  the  oil  groups 
considered  in  Section  III  of  this  report.  The  oil-dehris  mix¬ 
tures  may  be  disposed  by  Systems  12  and  13,  except  the  following 
oils: 


JP-1 

Oil  : 

Fuel  : 

No  .  1 

JP-3 

Oil  : 

Fuel  : 

No.  1-D 

JP-5 

Oi  1  : 

R  a  n  g  e 

Kerosene 

These  oils  must  not  be  processed  by  chipping  or  torching  until 
adequately  removed  by  washing  operations. 

Other  C lien i c a  1  Groups 

The  remaining  floating  chemicals  and  debris  mixtures  con¬ 
sidered  under  Scenario  U  may  all  be  accommodated  by  Systems  12 
and  13.  Compounds  which  are  included  in  the  t^xic  floaters 
group  (TF)  must  be  removed  from  large  debris  items  before  they 
are  shipped  in  open  trucks  or  bins  to  final  disposal.  Crew 
personnel  involved  with  removal  and/or  neutralization  of  such 
compounds  must  be  provided  with  protective  clothing  and  special 
breathing  apparatus. 

SCENARIO  V  -  OIL  OR  FLOATING  CH EM  I  CAL / LARGE  SOLIDS  MIX, 

STORMY  WEATHER,  COLD  AIR  TEMPERATURE 

Scenario  V  is  defined  as  follows: 

Oil  or  floating  chemicals,  primarily  soaking  large 
solids  (pieces  of  dock,  vessels,  trees,  etc.);  stormy  weather, 
cold  air  temperature. 

All  chemicals  warranting  special  consideration  under  this 
scenario's  defined  environmental  conditions  (air  temperature 
at  or  below  0°C)  are  included  in  the  group  called  "Low  Temperature 
Solid  Floaters"  (LTSF).  All  these  materials  are  listed  as 
follows: 


a  1  d  r  i  n  ( t ) 

benzene  (t) 
tetradecanol 

toluene  2  ,  ( t. ) 

4 -d i isocyanate 


wa  x -car nau  ba 

wa  x -para  f  f i n 
dicyclopenta diene 

Dowt  he rm 


asphalt  blending 
straight  run 


oils,  edible: 
cottonseed 

isooctyl  alcohol 


p-xylene  (t)  2-ethyl  hexanol  phenol  (t) 

aniline  (t)  isodecyl  alcohol  adiponitrile  (t) 

Some  of  the  chemicals  listed  above  are  toxic  floaters, as  so 
indicated  by  a  (t).  It  is  therefore  determined  that  only  those 
chemicals  included  as  nontoxic  LTSf, and  involved  in  spill  masses 
defined  by  Scenario  V.  can  be  accommodated  by  the  disposal  Systems 
12  and  13  described  in  Section  111  of  this  report  under  Scenario 
S  for  oils.  Others  must  be  handled  as  hazardous  chemicals. 

SUMMARY  OF  SFCTION  IV 

A  variety  of  commercially  available  equipment,  is  directly 
applicable  to  the  handling  and  disposal  of  recovered  oil  and 
floating  chemical  spill  masses.  Most  equipment  may  also  be 
used  for  dealing  with  floating  chemical  spill  materials,  although 
modification  of  storage  vessels  and  transfer  equipment  is  neces¬ 
sary  to  protect  crew  personnel  and  the  public  when  volatile  and/ 
or  toxic  chemicals  are  present. 

The  same  systems  described  in  Task  II  are  also  directly 
applicable  to  floating  chemicals.  Some  limitations  are  observed 
where  toxic  or  volatile  chemicals  are  involved;  yet  all  possible 
scenarios  have  at  least  one  system  which  can  be  used  under  the 
described  spill  mass  and  climatic  conditions. 
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INTRODUCT ION 


Further  use  is  made  of  the  spill  disposal  scenarios  developed 
in  Section  II  to  characterize  anticipated  debris  and  environ¬ 
mental  condition  sets,  and  to  define  the  operational  constraints 
for  hazardous  chemical  spill  disposal  equipment  systems,  equip¬ 
ment  inventories  described  in  Sections  111  and  IV  are  supplemented 
by  additional  equipment  items  identified  in  this  section  which  are 
specially  suited  to  hazardous  materials  disposal.  Previously 
developed  spill  disposal  systems  for  hardline  oils  and  floating 
chemicals  are  utilized  as  a  basis  in  developing  specialized 
equipment  systems  for  the  disposal  of  hazardous  material  spills. 
Conceptual  i  zed  disposal  equipment  systems  and  techniques  for 
hazardous  chemicals  are  recommended  for  further  research  and 
development,  based  on  the  inadequacies  of  existing  and  modified 
disposal  systems  in  handling  hazardous  material  spills. 

Spill  Scenarios  for  Hazardous  Chemicals 

The  following  eight  disposal  scenarios,  as  defined  in 
Section  II  (Table  39)  are  applicable  when  considering  hazardous 
chem i c  a  1  spills: 

E ,  F ,  K ,  1  ,  Q ,  R ,  W  and  X 


Each  scenario  represents  a  specific  set  of  expected  environmental, 
fluid  and  debris  characteristics  which  must  be  considered  in 
developing  or  adapting  a  suitable  disposal  equipment  system. 


The  maximum  anticipated  volume  of  the  originally  spilled 
hazardous  chemical  is  assumed  to  be  less  than  38  m'  (10,000  gal) 


based  on  data  gathered  from 
and  other  technical  sources. 


in  terms  of  the  expected 
water  to  the  original  spi 
total  spill  mass  volumes 


Scenari o 


the  literature, 
1  a  c  h  d  i  s  p  o  s  a  1 


worst  case 
11  co  m  p  o  n  e  n  t. 
as  follows: 

T  o  t  a  1 
Vo  1 ume 


ra  t  i  o 
w  i  t  h 


personal  interviews 
scenario  is  described 
of  solid  debris  or 
r  e  s  u  1  t  i  n  g  a  p  p  r  o  x  i  m  a  t  e 

"Worst  Case"  Ratio 
of  Contaminants  to 
Spilled  Component 


E.  F 
K.  I 

Q.  R 

W.  X 


7  6  m  3 
228  in 3 
3,800  m3 

5  tons  per  batch 


(1:1) 

(5:1) 

(100:1) 


TABLE  39. 


HAZARDOUS  CHEMICAL  SPILL  SCENARIOS  (HC) 


Scenario 

Operational 
Cond i t ions 

Debris  Materials 

Spi  1 1 

Vo  1 ume 
(m3) 

Transfer 

Equipment 

Constraints 

E 

C  -  W 

HC  spilled  in  water,  no  natural 
solid  debris.  Chemicals  may  be 
in  solid  or  liquid  state  and  may 

76 

(20,000 
gal ) 

None 

F 

S  -  C 

evolve  to  gaseous  state  during 
recovery.  Typical  mixtures  of  50 
percent  chemical  and  50  percent 
water  prevail,  depending  on  degree 
of  solubility. 

Positive  displ . 
pump 

recommended 

K 

c  -  w 

HC  mixed  with  solids  consisting 
mainly  of  heavy  sludge,  soil, 
sand,  sediments,  inorganic  sor¬ 
bents.  Solid  chemicals  include 

228 

(60,000 
gal ) 

Solids  pump 
adequate 

L 

s  -  c 

those  insoluble  in  water.  Typi¬ 
cal  solid  debris/chemical  mixture 
ratios  of  up  to  5  to  1  are 
anticipated. 

Requires 

enclosed 

tubular  conveyor 

0 

c  -  w 

HC  mixed  with  large  amounts  of 
organic  solics  (seaweed,  storm 
debris,  organic  sorbents).  Also 
included  are  larger  particles  of 
insoluble  solid  chemicals.  The 
ratio  of  total  spill  mass  to  ori¬ 
ginal  spill  component  may  verge 
from  50  to  1  to  150  to  1. 

3800 

(10f>  gal) 

Interim  storage 
(washi ng , 
draining) 

R 

s  -  c 

1900  to 
5700 

(0.5  to  1.5 
x  106  gal ) 

Ice  formation 
introduces  a 
broad  recovery 
time  spread 

U 

c  -  w 

HC  soaking  primarily  large  solids 
(fragments  of  dock,  vessels, 
trees,  etc.).  Solid  debris  also 
may  contain  organic  or  metallic 
pieces.  On-site  washing  and  vol¬ 
ume  reduction  lead  to  fluids  of 

76  m1  (similar  to, Scenario  E)  or 
slurries  of  228  nr  (similar  to 
Scenario  K). 

Comparable 
to  Scenario 
E  and  K 

Washing/draining 
is  practical .  Re¬ 
sults  in  fluid  or 
slurry  similar 
to  E  J.  K. 

X 

s  -  c 

Comparable 
to  Scenario 
K 

Washing  not  prac¬ 
tical.  Transfer 
directly  to  vol 
ume  reduction 

C-W  -  Calm  and  warm  (0°  -  44°  C) 

S-C  Stormy  and  cold  (less  than  0°C) 
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Spilled  hazardous  chemicals  are  expected  to  combine  with  water 
in  several  different  ways,  which  may  be  characterized  by  the 
following  general  chemical /water  mixture  categories: 

1.  Chemical  completely  dissolved  in  water  (liquid) 


2.  Chemical  in  fine  emulsion  or  colloidal  suspension 
in  water  (liquid  and/or  solid) 

3.  Chemical  completely  partitioned  from  water  (liquid, 
solid  or  gas) 


Solid  debris  in  hazardous  chemical  spills  is  expected  to 
comprise  either  a  major  component  to  be  recovered  and  disposed 
of,  or  a  minor  contaminant  to  be  removed  from  waste  streams  by 
on-site  or  off-site  treatment.  Each  disposal  scenario  is  char¬ 
acterized  in  terms  of  spill  debris  size  and  debris  composition, 
in  order  to  establish  the  operational  parameters  for  disposal 
equipment  systems.  Solid  debris  is  cateqorized  according  to  the 
following  handling  limitations: 


1.  Pumpable  or  nonpumpable 

2.  Grindable  or  nongrindable 

3.  Manually  liftable  or  nonliftable. 


As  previously  indicated,  spilled  hazardous  chemicals  may 
exhibit  significantly  different  physical  and  chemical  charac¬ 
teristics  from  the  oils  and  floating  chemicals.  Hazardous  chemi¬ 
cals  are  grouped  into  17  categories  (Appendix  C)  according  to 
similarities  in  solubility,  volatility-flammability,  toxicity, 
reactivity  and  physical  state,  to  assist  in  defining  the 
chemical  handling  limitations  of  disposal  equipment  systems  under 
each  scenario. 


Special  Handling  Parameters  f o r  Hazardous  Chemicals 

The  special  physical  and  chemical  characteristics  of  the 
hazardous  chemicals  defined  in  Appendix  C  require  special  han¬ 
dling  and  disposal  methods  to  ensure  maximum  disposal  efficiency 
and  minimize  hazards  to  health,  property  and  the  environment. 
Since  some  of  these  substances  sink,  mix  with  water,  or  float, 
they  may  require  specialized  handling  equipment  and  techniques. 
The  following  is  a  summary  of  the  special  handling  problems  and 
methods  associated  with  each  of  the  various  chemical  groups, 
defined  in  Appendix  C,  excluding  any  intermixed  debris. 

Sinking  Chemicals  (Groups  S,  VS,  TS,  TCS,  TVS,  L  T  S  S )  — 

Si n k i n g  chemicals  include  both  liquids  and  solids  which  are 
insoluble  or  very  sliqhtly  soluble  in  water.  The  recovered  chemi 
cal  will  exist  in  the  original  liquid  or  solid  shipping  state. 
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requiring  either  pumping  or  conveying  transfer  capabilities. 

Under  certain  conditions,  immiscible  sinking  liquid  chemicals  may 
combine  with  water  as  a  fine  emulsion,  making  separation  and 
concentration  of  the  spilled  component  difficult.  Sinking  solid 
chemicals  will  be  easiest  to  handle  once  recovered,  requiring 
only  water  or  solvent  washing  and  draining  to  remove  adhering 
surface  water  and  debris.  A  special  group  of  insoluble  liquid 
chemicals.  Group  LTSS,  may  be  handled  as  either  solids  or  liquids, 
depending  upon  ambient  temperature  conditions. 

Miscible  Chemicals  (Groups  M,  CM,  VM,  VCM,  TM,  TCM ,  TVM,  TVCM, 

L  T  S  M )  — 

Miscible  chemicals  include  both  liquid  and  solid  chemicals 
that  are  moderately  to  highly  water-soluble  at  normal  ambient 
temperatures.  Normally,  sufficient  time  will  have  elapsed 
between  the  spill  event  and  recovery  operations  to  provide  for 
complete  mixing  of  the  soluble  chemicals  with  water.  Therefore, 
only  pumping  or  other  liquid  transfer  capabilities  are  required 
for  handling  of  these  aqueous  solutions.  Separation  and  concen¬ 
tration  of  the  spill  component  involves  removal  from  solution  by 
means  of  precipitation,  solvent  extraction,  adsorption,  evapora¬ 
tion  or  other  phys ica 1 /chemica 1  techniques. 

Volatile  Chemicals  (Groups  VS,  TVS,  VM,  VCM,  TVM,  TVCM)-- 

Volatile  chemicals,  as  defined,  exhibit  a  high  vapor  pres¬ 
sure  and  flammability  at  normal  ambient  temperatures,  resulting 
in  fire  or  explosion  hazards.  During  handling  of  these  substan¬ 
ces,  equipment  components  must  be  checked  to  assure  the  absence 
of  spark-producing  ferrous  metal -to-metal  contacts,  electrostatic 
discharge,  or  other  exposed  ignition  sources.  Transfer  equip¬ 
ment  involving  the  flow  of  volatile  chemicals  must  also  be 
grounded  to  eliminate  the  build-up  of  static  charge.  Containment 
vessels  which  are  exposed  to  heat  or  direct  sunlight  must  provide 
a  means  for  accommodating  the  rapid  generation  and  expansion  of 
gases  from  the  heated  chemical,  such  as  internal  bladders,  float¬ 
ing  tank  roofs  or  surge  tanks.  To  the  maximum  extent  practicable, 
volatile  spill  materials  should  be  completely  contained  or 
enclosed  during  handling  operations  to  minimize  the  natural  and 
forced  dispersion  of  flammable  vapors.  Adequately  sized  fire- 
supression  equipment,  matched  to  the  particular  volatile  chemical 
hazard,  must  be  provided  at  the  site  of  all  recovery,  transfer 
and  disposal  operations. 

Toxic  Chemicals  (Groups  TS,  TVS,  TM,  TCM,  TVM,  TVCM)-- 

Toxic  chemicals  are  characterized  by  associated  vapors  or 
solid  particulate  dusts  and  aerosols  which,  in  very  low  air¬ 
borne  concentrations,  are  considered  to  be  harmful  to  humans. 

When  handling  these  substances, compl ete  containment  is  of  utmost 
importance  in  preventing  the  spread  of  toxic  vapors  to  adjacent 
populated  areas  and  in  minimizing  health  hazards  to  members  of 
the  disposal  crew.  Containment  vessels  must  provide  a  qas  and 
liquid-tight  seal  to  prevent  escape  of  toxic  materials,  and  no 
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external  venting  can  be  permitted.  Incineration  will  not  usually 
be  acceptable  for  toxic  substances  without  stack  gas  processing 
to  reduce  noxious  emissions.  Disposal  crew  members  must  be  pro¬ 
vided  with  appropriate  N I  OSH -a ppro v ed  personal  protective  equip¬ 
ment  whenever  uncontained  toxic  materials  are  being  handled. 

Caustic  Chemicals  (Groups  TCS,  CM,  VCM,  TCM,  TV CM)-- 

Caustic  chemicals  tend  to  be  reactive  with  many  common  con¬ 
struction  materials  causing  substantial  corrosive  damage  to 
unprotected  equipment  surfaces.  Protective  clothing,  including 
gloves,  face  shields,  and  acid  suits  is  required  when  handling 
these  materials  to  prevent  possible  injuries  to  human  tissue. 
Compatible,  co r ro s i o n - res i s ta n t  materials  or  special  impervious 
coatings  must  be  used  on  all  "wetted"  or  contacting  equipment 
surfaces  to  prevent  hazardous  reactions  or  greatly  accelerated 
rates  of  corrosion  and  wear.  Dilution  or  neutralization  of  caus¬ 
tics  is  often  advisable  before  attempting  transfer,  treatment  or 
disposal  of  spilled  wastes  to  reduce  health  and  environmental 
hazards . 

Gaseous  Chemicals  (Groups  G,  DG)-- 

Gaseous  chemicals  are  those  substances  which  at  normal 
ambient  temperature  and  pressure  exist  as  a  distinct  gas  phase 
which  is  not  water-soluble.  Gases  may  or  may  not  be  recoverable 
using  conventional  collection  techniques,  depending  on  the  vapor 
density  in  relation  to  air.  Lower  density  (lighter  than  air) 
gases  will  normally  disperse  and  become  diluted  in  air  via  the 
mechanisms  of  buoyancy  and  air  movement.  Heavier  gases  will  tend 
to  "float"  slightly  above  impermeable  water  or  ground  surfaces, 
and  may  be  recoverable  if  appropriate  containment  and  collection 
techniques  can  be  devised.  Vapor  transfer  capabilities  are 
required  for  the  movement  of  gaseous  products,  normally  in  the 
form  of  flexible  ducting  and  differential  pressure  or  flow- 
inducing  devices  such  as  compressors  or  fans.  Containment  of 
gaseous  waste  products  requires  the  use  of  vapor-tight  low- 
pressure  rated  vessels  to  prevent  the  escape  of  recovered  vapors. 

General  Hazardous  Waste  Treatment  and  Disposal  Methods 

The  following  discussion  of  methodologies  is  summarized  in 
Table  40. 

Incineration-- 

Incineration  is  defined  as  a  controlled  oxidation  process 
for  the  detoxification,  volume  reduction  or  destruction  of  liquid, 
solid  and  gaseous  organic  wastes,  and  the  thermal  degradation  of 
some  inorganics.  Complete  incineration  destroys  the  organic 
fraction  of  waste  materials,  resulting  in  an  inorganic  ash, 
gaseous  by-products  and  volume  reduction  of  solids  of  up  to  90 
percent.  Incineration  can  eliminate  the  toxic  or  hazardous 
properties  of  wastes,  when  such  properties  are  due  to  the  organic 
molecular  structure,  by  thermally  destroying  the  organic  fraction. 
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TABLE  40.  GENERAL  HAZARDOUS  WASTE  TREATMENT  AND  DISPOSAL  METHOOS 


Class 

Currently* 

Process  Used  Adaptable 

Incineration 

Volume  reduction  x 

Physical  (e.g.,  grinding. 

chipping,  etc. ) 

Filtration 

Phase  separation  x 

Liquid  separation 

X 

Liquid/solid  separation 

X 

Dewatering 

X 

Washing/dilution 

X 

Carbon  sorption 

X 

Ion  exchange 

X 

Flocculation 

X 

Neutral ization 

X 

Chemical  fixation 

X 

Oxidation/ reduct ion 

X 

Precipitation 

X 

Chelation 

X 

Aerobic-biological 

Biological  x 

Anaerobic-biological 

Treatment  x 

Landfilling 

Land  x 

Land  burial 

Disposal  x 

Land  cultivation 

X 

Deep  wel 1  injection 

Ocean  dumping 

Miscellaneous 

Engineered  storage 

X 

Recovery/reuse 

X 

This  makes  incineration  an  effective  means  of  pretreatment  for 
hazardous  materials  prior  to  land  disposal,  minimizing  adverse 
environmental  impacts  (36). 

Incineration  is  considered  one  of  the  most  effective  means 
of  treating  and  disposing  of  a  wide  range  of  hazardous  materials 
with  a  minimal  impact  on  the  environment,  and  is  particularly 
applicable  to  nonbiodegradable  and  restricted  organics.  It  is 
estimated  that,  with  proper  emission  control  techniques,  approxi¬ 
mately  60  percent  of  all  designated  hazardous  materials  can  be 
destroyed  by  incineration  (14). 

Although  routinely  used  throughout  industry  in  stationary 
applications  for  destroying  combustible  wastes,  incineration  of 
hazardous  material  spill  residuals  on-site  is  a  relatively  new 
technique.  A  mobile  field  use  incinerator  system  currently  being 
developed  by  MB  Associates  for  EPA,  Edison,  New  Jersey,  is  trailer- 
portable  to  the  spill  site  and  incorporates  extensive  secondary 
abatement  equipment  to  minimize  hazardous  emissions.  The  unit  is 
capable  of  destroying  or  detoxifying  most  organic  hazardous 
compounds  in  solid,  liquid  or  slurry  form,  with  the  exception  of 
certain  inorganics  and  heavy  metal  compounds.  Sea-going  incinera¬ 
tion  of  hazardous  materials  is  also  possible,  as  demonstrated  by 
the  disposal  of  approximately  17,000  metric  tons  of  liquid 
organochl or i ne  wastes  by  the  M/T  Vulcanus,  a  converted  cargo  ship, 
in  1974-75  (16).  Shipboard  incinerator  units  such  as  the  Vulcanus 
would  be  capable  of  destroying  practically  any  spill  mass  volume 
on-site,  eliminating  the  need  for  transfer  to  shore-side  facili¬ 
ties  and  the  risk  of  a  secondary  spill.  Smaller,  less  complex 
portable  incinerator  units  are  also  available  for  on-site  use. 

These  units  will  normally  be  adequate  only  for  less  hazardous 
materials  since  they  lack  the  flue  gas  processing  equipment 
necessary  to  achieve  "clean"  emissions. 

Fi 1 tration-- 

Filtration  involves  the  physical  removal  of  solid  particu¬ 
lates  from  the  fluid  waste  stream  by  passing  through  a  selec¬ 
tively  porous  filter  media  or  membrane.  Most  filters  also  depend 
on  the  formation  of  a  cake  of  solid  particles  on  the  filter  media 
as  a  secondary  barrier  to  the  passage  of  solids. 

Filtration  equipment  includes  conventional,  reverse  osmosis, 
inertial,  ultra  and  mi c ro - f i 1  ter s ,  with  many  different  media  or 
membrane  types  and  respective  modes  of  operation.  Ultra¬ 
filtration  is  capable  of  removing  particles  which  are  between 
0.003  and  1  microns  in  size,  while  conventional  filters  operate 
in  the  particle  size  range  of  3  to  5  microns  or  larger.  Appli¬ 
cations  of  filtration  equipment  at  hazardous  spill  sites  have 
typically  been  conventional  mixed-media,  gravity-flow  filter 
columns  intended  for  the  removal  of  precipitates  and  other  sus¬ 
pended  solids  from  waste  streams.  The  U.S.  EPA  Hazardous 
Materials  Spills  Treatment  Trailer  incorporates  this  form  of 
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filtration  as  a  pre treatment  to  remove  precipitated  and  suspended 
particulates  from  fluid  wastes  prior  to  submittal  to  carbon 
sorption  columns.  Gravity-flow  filter  columns  containing  a  top 
layer  of  powdered  anthracite  over  a  bed  of  red  flint  sand  are 
used  in  this  unit  (26).  Membrane  filtration  techniques,  such 
as  ultra-filtration  or  reverse  osmosis,  also  appear  to  be  adapt¬ 
able  to  on-site  fluids  treatment. 

Liquid/Liquid  Separation-- 

Liquid  separation  involves  isolation  of  two  or  more  liquid 
phases  as  a  means  of  volume  reduction,  waste  concentration  or 
removal  of  contamination  from  aqueous  effluents.  The  most  com¬ 
mon  form  of  liquid  separation  is  oil/water  separation,  the  removal 
of  free  or  emulsified  oils  from  the  water  phase.  Oil/water 
separators  are  not  effective  in  removing  soluble  oils  or  some 
very  fine  emulsions  from  water.  The  three  basic  types  of  oil/ 
water  separators  (gravity,  plate,  and  coalescing)  are  also  appli¬ 
cable  to  some  immiscible  hazardous  liquids  which  exhibit  physical 
and  chemical  characteristics  similar  to  oils.  Portable  oil/water 
separator  units  are  readily  available  for  on-site  treatment  of 
these  oily  hazardous  materials. 

Separation  of  other  nonsoluble  hazardous  fluids  is  possible 
using  a  liquid/1  iquid  separator  unit.  One  commercially  avail¬ 
able  unit  of  this  type  utilizes  a  gravity-assisted  coalescing 
technique  to  separate  up  to  three  immiscible  liquids  of  differ¬ 
ing  specific  gravities. 

At  present,  no  commercially  available  portable  unit  exists 
for  the  physical  separation  of  miscible  hazardous  materials 
from  the  water  phase.  Separation  of  miscible  liquids  from  solu¬ 
tion  can  normally  be  accomplished  by  chemical  or  phys iochemi ca 1 
treatment  methods  such  as  precipitation,  neutralization,  carbon 
sorption,  ion  exchange  and  others. 

Liquid/Solid  Separation-- 

Various  physical  processes  exist  for  the  separation  and 
removal  of  solid  particulates  from  aqueous  waste  streams.  One 
of  the  most  common  and  effective  forms  of  liquid/solid  separa¬ 
tion  is  filtration.  Other  separation  methods  include  centrifuga¬ 
tion,  flocculation,  sedimentation,  and  air  flotation  devices. 

Of  these,  the  most  applicable  methods  for  portable,  on-site 
liquid/solid  separation  of  hazardous  materials  from  water  are 
centrifugation  or  a  combination  of  flocculation  and  sedimenta¬ 
tion.  The  latter  two  methods  are  utilized  in  a  rapidly  deploy¬ 
able  tank  immediately  preceding  carbon  sorption  columns  in  the 
U.S.  EPA  Hazardous  Materials  Spills  Treatment  Trailer. 

Dewateri ng-- 

De watering  is  used  here  to  describe  a  physical  process  for 
the  removal  of  absorbed  or  adhering  water  from  solid  chemicals, 
sludges  and  contaminated  debris.  Current  methods  utilized  for 


solids  dewatering  include  vacuum  drum  filtering,  sludge  concen¬ 
trators  or  presses,  screening  and  draining.  Of  these  methods, 
screening  and  draining  are  probably  the  most  commonly  used  for 
gravity-assisted  dewatering  of  hazardous  material  solids  and 
contaminated  debris.  On-site  dewatering  of  sludges  can  be  per¬ 
formed  using  one  commercially  available  sludge  concentrating 
unit  which  is  trailer-portable  to  the  spill  site.  This  dewater¬ 
ing  unit  has  both  gravity  and  pressure  dewatering  capabilities, 
and  a  flash-mix  polymer  mixer  for  flocculation  or  thickening  of 
i nf 1 uent  si udges . 

Water  Wash/Dilution-- 

A  spill  countermeasure  consisting  of  water  sprays  or  fogs 
is  very  frequently  used  to  wash  materials  contaminated  with 
hazardous  chemicals  or  to  "knock-down"  and  control  hazardous 
vapors.  Water  washing  may  also  be  used  to  intentionally  dilute 
hazardous  material  spills  to  facilitate  further  treatment. 
According  to  a  recent  study  of  hazardous  material  spills  reported 
between  December  1975  and  May  1976  by  EPA,  water  washing  was  the 
most  frequently  used  method  for  treating  hazardous  material 
spills  (14). 

Vo  1 ume  Reduc  t ion-- 

Various  physical  processes  for  reducing  the  overall  volume 
of  heterogeneous  debris  are  employed  to  facilitate  more  effi¬ 
cient  transfer,  storage,  treatment  and  disposal.  Numerous  types 
of  volume  reduction  equipment  are  commercially  available,  includ¬ 
ing  shredders,  chippers,  balers  and  compactors. 

Shredders  and  chippers  use  rotating  hammermills  or  knives 
to  tear,  crush  or  cut  materials,  converting  heterogeneous  debris 
into  a  homogeneous  mixture  of  fines,  chips  or  shredded  matter 
which  can  more  readily  be  handled  for  treatment  and  disposal. 

The  use  of  shredding  or  chipping  for  volume  reduction  of  spill 
masses  containing  large  amounts  of  organic  matter  or  other  debris 
may  also  make  possible  the  use  of  conventional  industrial  waste 
treatment  techniques  which  would  otherwise  be  impractical.  Porta¬ 
ble  chipping  and  shredding  equipment  is  available  from  several 
commercial  sources  for  on-site  use,  and  is  commonly  used  for 
volume  reduction  of  organic  solids  such  as  tree  limbs,  logs,  dead 
leaves  and  earthen  materials  during  1  a nd -c 1  ear  i  ng  operations. 

Balers  and  compactors  make  use  of  large  mechanical  or 
hydraulic  forces  acting  through  packing  blades  or  plates  to 
compact  solid  materials  to  the  minimum  practical  volume.  Compac¬ 
tion  of  solid  waste  greatly  enhances  its  transportability,  and 
results  in  a  reduction  of  the  area  required  for  storage  or  dis¬ 
posal  of  the. waste  mass.  Portable  compacting  units  and  self- 
propelled  compacting  trucks  practical  for  on-site  use  are  gener¬ 
ally  available  from  a  multitude  of  commercial  sources.  All  but 
the  smallest  capacity  baling  units  are  intended  for  stationary 
use,  and  are  not  practical  for  on-site  applications.  Portable 
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compacting  units  and  vehicles  are  very  commonly  used  for  solid 
waste  management  in  the  industrial,  commercial  and  residential 
sectors. 

Carbon  Sorption-- 

A  process  for  the  removal  of  dissolved  organic  materials 
from  solution  in  aqueous  effluent,  carbon  sorption  is  a  process 
by  which  adsorption  onto  the  surface  of  activated  carbon  powder 
or  granules  takes  place.  Wastewaters  are  passed  through  granu¬ 
lated  carbon  in  up-  or  down-flow  columnar  beds,  or  mixed  with 
powdered  carbon  and  separated  by  filtration.  Granulated  carbon 
columns  are  more  commonly  used  since  the  spent  carbon  can  econo¬ 
mically  be  regenerated  for  reuse.  Carbon  sorption  is  particularly 
effective  in  treating  wastes  that  are  not  amenable  to  biological 
degradation  due  to  their,  toxicity  or  dissolved  refractory  organ¬ 
ics  (27). 

Carbon  sorption  has  been  used  for  many  years  to  remove 
organic  and  other  contaminants  from  municipal  water,  and  to 
clean  industrial  waste  streams.  A  more  recent  application  of 
this  technology  is  portable  carbon  sorption  units  for  on-site 
treatment  of  hazardous  chemical  spills,  such  as  the  U. S.  EPA 
Hazardous  Materials  Spills  Treatment  Trailer,  developed  by  EPA's 
Industrial  Environmental  Research  Laboratory.  This  trailer- 
mounted  road-portable  unit  incorporates  granular  activated  carbon 
columns  for  the  removal  of  many  soluble  organic  chemicals.  The 
effectiveness  of  this  portable  unit  was  demonstrated  in  the 
treatment  of  approximately  850,000  i  of  kepone-contami nated 
washdown  and  run-off  water  in  Hopewell,  Virginia,  in  1  976  and  in 
various  other  incidents  (27).  Removal  of  soluble  toxic  compounds 
by  the  Hazardous  Materials  Spills  Treatment  Trailer  has  exceeded 
90  percent  for  all  but  two  of  the  toxic  compounds  encountered 
thus  far  (26).  Other  mobile  facilities  include  the  CALG0N  Mobile 
Treatment  Service.  This  system  appears  to  have  certain  attrac¬ 
tive  features: 

•  It  is  a  contracted  mobile  clean-up  service,  thus  avoiding 
extensive  capital  expense 

•  Can  handle  flow  rates  of  660  i/hr  (250,000  gal/day) 

•  Regeneration  of  spent  carbon  is  part  of  service  contract. 
Ion  Exchange-- 

This  chemical  process  involves  the  reversible  interchange 
of  ions  between  a  solid  resin  and  soluble  hazardous  materials  in 
the  liquid  phase.  Ion  exchange  resins  are  available  as  either 
weakly  or  strongly  acidic  cation  or  basic  anion  exchangers.  Ion 
exchange  technology  has  been  available  for  many  years  for  the 
detoxification  and  removal  of  hazardous  metal  ions  and  cyanides 
from  industrial  waste  streams.  Contaminants  removed  from  solu¬ 
tion  can  be  recovered  in  many  cases  by  regenerating  the  exchange 
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resins  with  a  concentrated  reverse  flow  of  ions,  or  safely  dis¬ 
posed  of  by  various  methods. 

Flocculation-- 

Flocculation  is  a  physicochemical  process  for  removing 
minute  contaminants  from  colloidal  suspension  in  waste  streams 
through  the  addition  of  chemical  flocculating  agents  and  physical 
agitation  of  the  fluid  medium.  Colloidal  particles  are  chemically 
induced  to  coalesce  or  aggregate  into  larger,  more  easily  remova¬ 
ble  solids.  Flocculation  has  been  extensively  used  in  treating 
municipal  and  industrial  waste  streams,  and  is  adaptable  to  on¬ 
site  treatment  of  spill  residuals  by  using  portable,  field- 
erectable  tanks  and  manual  or  powered  stirring  devices.  The 
U.S.  EPA  Hazardous  Materials  Spills  Treatment  Trailer  uses  floc¬ 
culation  as  a  pretreatment  prior  to  filtration  and  carbon  sorption 

Neutral ization-- 

The  addition  of  acidic  or  alkaline  substances  to  hazardous 
materials  is  employed  to  achieve  a  near  1 y-neu tral  (pH  =  7)  mixture 
The  same  effect  can  be  produced  by  passing  the  spill  mixture 
over  a  bed  or  bubbling  through  a  tank  of  acidic  or  alkaline 
material.  Neutralization  is  also  effective  for  the  precipitation 
of  solids  from  solution,  including  some  dissolved  heavy  metals. 

Neutral i zation  of  spilled  hazardous  materials  is  very  often 
performed  in  s i_t_u  by  the  addition  of  acids  or  bases  to  contami¬ 
nated  soil,  water  or  debris  (14).  Limestone,  lime  and  soda  ash 
are  normally  used  for  treating  acid  spills,  while  hydrochloric 
or  other  acids  are  used  in  neutralizing  alkaline  spills. 

Oxidation/Reduction-- 

A  process  in  which  an  oxidant  interacts  with  a  reductant  to 
convert  a  waste  to  a  less  hazardous  state  may  be  referred  to  as 
oxidation  or  reduction.  Oxidation  commonly  involves  the  use  of 
chlorine,  ozone,  hydrogen  peroxide  or  hypochlorites  to  treat 
cyanides  or  other  reductants.  Sulfur  dioxide,  ferrous  sulfate, 
sulfite  salts  or  other  reducing  agents  are  typically  used  to 
treat  waste  streams  containing  oxidants  such  as  chromium-6. 

Free ipitation-- 

The  reaction  of  two  water-soluble  reagents  to  form  an 
insoluble  compound  yields  a  precipitate  in  the  form  of  a  dispos¬ 
able  sludge,  gel  or  solid.  These  solids  normally  coagulate  into 
larger  solid  aggregates  which  may  be  removed  from  water  by  physi¬ 
cal  methods  such  as  filtration,  centrifugation,  sedimentation  or 
flotation.  Precipitation  is  a  means  of  separation  and  volume 
reduction  by  concentrating  and  removing  hazardous  contaminants 
from  water..  The  reaction  also  detoxifies  the  solution  by  reduc¬ 
ing  the  level  of  dissolved  hazardous  substances. 
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Chelation-- 

Chelation  is  a  chemical  process  in  which  a  synthetic  or 
natural  chelating  agent  is  added  to  bind  up  hazardous  metal  ions 
in  solution,  reducing  their  toxic  effects.  Chelating  agents  can 
be  either  synthetic  or  natural,  but  are  generally  organic,  and 
may  react  selectively  with  one  or  several  metal  ions. 

Chemical  Fixation-- 

Various  proprietary  chemical  fixing  substances,  which  react 
with  hazardous  materials  or  themselves,  form  a  chemically  and 
mechanically  stable  solid.  The  process  is  used  to  detoxify 
hazardous  material  spill  residues  prior  to  transfer  or  disposal 
operations.  Chemical  fixation  is  particularly  applicable  to 
highly  concentrated  and  hazardous  wastes  which  cannot  be  effec¬ 
tively  treated  using  conventional  industrial  waste  treatment 
techniques . 

Biolog i c  a  1  — 

A  biological  detoxification  process  for  organic  wastes  uses 
biologically  active  growths  in  the  presence  (aerobic)  or  absence 
(anaerobic)  of  oxygen.  Varios  biological  degradation  methods 
include  municipal  treatments  such  as  activated  sludge,  trickling 
filters,  aerated  lagoons,  waste  stabilization  ponds  and  package 
biological  treatments  such  as  fluidized- bed  biodegradation.  Of 
these  methods,  only  fluidized  bed  biodegradation  and  waste  sta¬ 
bilization  ponding  are  practical  for  portable,  on-site  treatment 
of  hazardous  materials. 

Biological  treatment  of  a  great  many  organic  hazardous 
materials  is  possible,  although  pretreatments  such  as  dilution, 
neutralization  or  liquid  separation  may  be  required  in  some 
cases  to  allow  efficient  biological  growth  rates.  Biodegradation 
is  a  relatively  slow  process,  with  the  possible  exception  of 
f 1 u i d i zed-bed  biodegradation,  and  requires  an  influent  waste 
stream  with  a  narrow  range  of  flow,  composition  and  concentra¬ 
tion  characteristics.  Toxic  materials  can  only  be  biodegraded 
in  very  dilute  concentrations  due  to  the  risk  of  destroying  the 
biological  treatment  culture.  Some  work  has  been  conducted  to 
determine  the  biodegradability  of  various  spilled  hazardous 
materials  (31). 

Landfill i  n  g  -  - 

In  an  engineered  land  disposal  method,  wastes,  including 
hazardous  materials,  are  either  mixed  with  soil,  buried  in  shallow 
pits,  or  handled  by  some  combination  thereof.  Landfill  sites 
are  classified  into  two  general  categories,  sanitary  landfills 
and  chemical  landfills,  based  primarily  upon  the  type  of  wastes 
accepted  and  the  protection  provided  against  potential  contami¬ 
nation  of  air  and  ground  or  surface  waters. 

Sanitary  landfill  sites  normally  accept  only  municipal 
solid  wastes  and  other  insoluble,  inert  waste  materials.  Hazar¬ 
dous  wastes  may  be  accepted-  for  disposal  if  properly  pretreated 


and/or  containerized  to  neutralize  hazardous  properties. 

Untreated  hazardous  materials  will  only  be  acceptable  for  dis¬ 
posal  at  approved  sanitary  landfill  sites  in  very  small  quanti¬ 
ties.  Sanitary  landfill  sites  are  specially  selected,  designed 
and  operated  to  minimize  the  leaching  of  waste  residuals  into 
adjacent  surface  or  ground  waters,  although  no  collection  or 
treatment  of  leachates  is  usually  required.  Wastes  are  spread 
into  thin  layers  and  compacted,  with  cover  material  applied  at 
the  end  of  each  working  day  to  minimize  environmental  hazards. 
Sanitary  landfilling,  in  other  than  specially  approved  sites,  is 
not  a  recommended  disposal  method  for  most  hazardous  wastes  due 
to  the  potential  for  leachate  contamination  of  groundwaters, 
generation  of  hazardous  vapors  or  explosive  chemical  interactions. 

Chemical  landfill  sites,  also  called  secure  or  approved 
landfills,  are  designed  to  accept  almost  all  hazardous  materials 
for  disposal  with  a  minimal  risk  of  environmental  damage.  Chemi¬ 
cal  landfill  sites  are  specially  selected  with  respect  to  geolo¬ 
gical  and  hydrological  features  to  avoid  any  direct  hydraulic 
connection  between  landfill  leachates  and  adjacent  ground  or 
surface  waters.  In  some  cases,  ground  and  surface  water  flows 
must  be  completely  redirected  around  the  landfill  site.  Chemical 
landfills  typically  incorporate  elaborate  drainage  control  sys¬ 
tems  for  the  collection  of  leachate,  which  are  often  treated 
by  neutral i zation, biodegradation  ,  evaporation  or  precipitation, 
and  the  residuals  returned  to  the  landfill  (45).  In  geographic 
areas  where  low-permeability  soils  do  not  naturally  occur, 
impervious  basins  using  natural  or  artificial  liners  of  clay, 
rubber,  asphalt,  concrete,  plastics,  or  other  materials  may  be 
used  to  isolate  and  contain  disposed  wastes  and  prevent  conta¬ 
mination  of  usable  water  resources.  Wastes  are  normally  segre¬ 
gated  into  cells  and  the  disposal  coordinates  recorded  to  pre¬ 
vent  any  possibility  of  explosive  or  toxic  chemical  interactions 
by  accidental  mixing.  A  comprehensive  sampling  and  analysis 
program,  including  the  drilling  of  landfill  monitoring  wells, 
is  performed  at  most  hazardous  disposal  sites  to  help  control 
any  possible  air  or  water  pollution  resulting  from  landfill 
operation.  Fretreatment  of  persistent  or  especially  hazardous 
materials  is  often  necessary  to  ensure  safe,  long-term  landfill 
disposal.  Safeguards  include  chemical  fixation,  containeriza¬ 
tion,  plastic  or  concrete  encapsulation  in  drums  or  any  of  the 
various  chemical  or  biological  treatment  methods.  Wastes  may 
also  be  encapsulated  in  bulk  by  utilizing  clay,  plastic, or 
asphalt  covers  or  "caps"  over  the  entire  finished  landfill  to 
prevent  rainwater  saturation  and  erosion.  The  landfilling  of 
highly  toxic  or  volatile  wastes  requires  the  immediate  applica¬ 
tion  of  cover  material,  in  contrast  to  the  daily  cover  of  muni¬ 
cipal  wastes  in  sanitary  landfills. 

The  chemical  or  secure  landfill  has  the  widest  applicability 
to  the  land  disposal  of  hazardous  wastes,  although  suitable 
sites  may  be  remotely  located  from  the  scene  of  many  hazardous 


material  spills.  The  sanitary  landfill  site  is  more  common  and 
likely  to  be  much  more  conveniently  located  to  the  spill  scene, 
but  will  accept  only  hazardous  materials  that  have  been  adequately 
pre-treated  to  neutralize  any  hazardous  properties.  Locations  and 
capabilities  of  facilities  which  accept  hazardous  materials  for 
land  disposal  may  he  determined  by  referring  to  the  latest  revi¬ 
sion  of  a  directory  (30)  published  by  the  (I .  S  .  I  n  v  i  ro  union  t  a  I 
Protection  Agency,  Hazardous  Waste  Management  lacilities  in  the 
II .  S  . 

I  and  burial 

If  properly  executed,  land  burial  can  be  an  ultimate  land 
disposal  method  for  highly  hazardous  materials  which  require 
permanent  containment.  llisposal  is  presently  only  accomplished 
using  near -surface  burial,  although  preliminary  studies  are 
being  conducted  concerning  the  use  of  deep  burial  in  salt  tor- 
mat  ions  and  hard  bedrock  (;’7).  Wastes  are  deposited  either 
directly  into  impervious  soil  or  clay-lined  cells  or  into  stain¬ 
less  steel  tanks  or  concrete- 1 ined  and  covered  pits.  Near-surface 
burial  of  hazardous  materials  is  currently  being  practiced  at 
several  commercially  operated  disposal  sites  throughout  the 

II  n  i  t  e  d  States. 

1  a  n  d  C u 1 t  i  v  a  t ion  — 

This  is  a  process  in  which  organic  wastes  are  spread  in 
thin  layers  on  tilled  land  and  thoroughly  mixed  with  soil  to 
promote  aeration  and  biological  degradation.  Land  cultivation 
is  limited  to  biodegradable  materials  with  low  toxic  concentra¬ 
tions  and  an  average  debris  size  of  7  to  10  cm  or  less.  Optimum 
land  cultivation  sites  are  located  in  areas  with  an  adequate 
soil  depth  and  a  low  water  table  and  should  be  well  removed  from 
any  useable  water  supplies.  A  warm  climate  with  moderate  precipi¬ 
tation  and  evaporation  rates  will  facilitate  the  most  rapid 
biodegradation  of  wastes,  although  land  cultivation  has  been 
shown  to  be  effective  in  cooler,  less  ideal  climates. 

Most  applications  of  land  cultivation  techniques  have  been 
for  the  disposal  of  oils  and  other  hydrocarbon  wastes  initially, 
and  still  primarily,  by  the  oil  industry.  Some  recent  applica¬ 
tions,  such  as  the  land  cultivation  disposal  of  acidic,  oily 
wastes  containing  various  heavy  metal  contaminants  in  Utah  (hi), 
have  demonstrated  the  effectiveness  of  the  technique  in  degrad¬ 
ing  hazardous  materials.  In  some  cases,  the  receptor  soil  must 
be  chemically  pretreated  prior  to  land  cultivation  to  adjust  pH 
level  and  supplement  the  available  phosphorus  and  nitrogen 
nutrient  levels  to  ensure  complete  and  effective  biodegradation 
of  hazardous  materials,  land  cultivation  may  be  a  viable  on-site 
disposal  alternative  for  hazardous  materials  spills  if  an  appro¬ 
priate  land  area  can  be  semi -permanent  1 y  dedicated  to  this  purpose. 


Deepwell  Disposal-- 

Deepwel 1  disposal  is  defined  as  a  disposal  process  for  raw 
or  treated  liquid  wastes  which  are  filtered  and  injected  under 
pressure  into  deep  wells  where  they  disperse  into  permeable 
subsurface  rock.  Injection  wells  ideally  are  isolated  by  imper¬ 
meable  rock  or  clay  layers  to  avoid  possible  contamination  of 
fresh  water  supplies.  Highly  hazardous  materials  must  be  chemi¬ 
cally  or  physically  detoxified  prior  to  injection.  Wastes  con¬ 
taining  suspended  solids  or  other  particulate  matter  are  pre¬ 
treated  for  solids  removal  to  prevent  clogging  of  the  porous 
disposal  stratum. 

Deepwell  disposal  has  been  most  extensively  used  by  the  oil 
and  gas  industry  to  dispose  of  waste  oil  field  brines.  More 
recently,  the  chemical,  pharmaceutical  and  other  industries  have 
made  use  of  this  technique  to  dispose  of  various  waste  products 
(27).  The  availability  of  suitable  deepwell  disposal  facilities 
is  somewhat  limited  and  geographically  concentrated  in  the  south 
and  southwestern  portions  of  the  United  States,  making  transport 
of  spilled  hazardous  materials  for  disposal  inconvenient  and 
expensive  in  some  cases. 

Ocean  Dumping-- 

An  ultimate  disposal  method  for  all  forms  of  bulk  and  con¬ 
tainerized  waste  materials  is  ocean  dumping,  generally  unaccep¬ 
table  due  to  its  adverse  environmental  impacts.  Liquid  and 
slurry-type  wastes  are  often  dumped  directly  off  barges  to  sink, 
diffuse  or  dissolve  throughout  the  water  column.  Other  more 
hazardous  materials  are  containerized  in  sealed  or  unsealed 
tanks,  drums  or  vessels  and  dumped  to  sink  at  sea. 

Ocean  dumping  of  various  wastes  is  regulated  under  a  permit 
system  administered  by  the  U.S.  EPA,  provided  for  by  the  Ocean 
Dumping  Act  of  1972.  In  general,  residual  materials  from  spills 
of  hazardous  chemicals  will  be  prohibited  from  ocean  disposal 
unless  properly  treated  or  encapsulated. 

Engineered  Storage-- 

This  is  described  as  a  long-term  storage  method  for  very 
hazardous  materials  which  cannot  be  safely  disposed  of  using 
available  disposal  techniques.  Engineered  storage  is  designed 
to  allow  safe  storage  of  hazardous  materials  for  an  indefinite 
length  of  time,  yet  provide  immediate  access  for  retrieval  of 
wastes  at  some  future  date.  The  intention  of  engineered  storage 
is  to  safely  store  hazardous  wastes  until  such  a  time  that  an 
environmentally  acceptable  disposal  method  can  be  developed, 
or  until  a  suitable  disposal  site  can  be  located.  At  present, 
engineered  long-term  storage  is  being  proposed  for  high-level 
and  certain  low-level  radioactive  wastes  (27).  Engineered  stor¬ 
age  includes  an  annually  scheduled  review  of  presently  available 
disposal  technology  and  regular  ma in tenance/ rep lacemen t  of  dis¬ 
posal  containers. 


Recovery/Reuse-- 

Recovery /reuse  is  a  technique  for  minimizing  the  disposal 
costs  and  environmental  impacts  of  hazardous  material  spills 
by  recovering  easily  separable  waste  products  for  reuse,  resale 
or  exchange.  Recovery  of  valuable  or  highly  hazardous  materials 
from  waste  streams  may  be  accomplished  by  various  physical,  bio¬ 
logical  or  chemical  separation  processes,  but  only  the  simplest, 
most  cost-effective  techniques  are  practiced  in  lieu  of  other 
disposal  alternatives.  For  certain  highly  hazardous  materials, 
recovery  may  be  justified  regardless  of  cost,  due  to  environmental 
considerations. 

Many  hazardous  materials,  such  as  ammonia  or  mercaptan,  can 
be  separated  from  waste  streams  using  various  simple  recovery 
techniques,  and  subsequently  reused  for  their  original  purpose. 
Recovered  materials  may  prove  to  be  slightly  lower  in  chemical 
integrity,  but  can  be  restored  to  reusable  quality  by  blending 
with  quantities  of  new  chemical  product.  Organic  chemical  wastes 
may  also  have  some  Value  for  use  as  a  fuel,  with  heating  values 
approaching  or  surpassing  that  of  natural  gas  (70). 

A  limited  number  of  recovered  wastes  may  be  valuable  enough 
to  consider  for  resale,  mainly  for  fuel  or  other  uses.  In  this 
case,  the  total  monetary  benefit  of  chemical  recovery  for  resale 
would  be  determined  by  adding  the  alternative  cost  of  disposal 
to  the  sale  price  (70).  In  some  regions,  nonprofit  and  other 
organizations  can  arrange  confidential  waste  exchanges  between 
interested  parties  to  avoid  the  costs  of  hazardous  material  dis¬ 
posal  . 

Off-Site  Disposal-- 

Some  of  the  general  disposal  methodologies  are  practiced  by 
off-site  contractors.  Figure  29  shows  how  these  methodologies 
may  be  applied  to  different  hazardous  chemical  groups  as  defined 
in  Appendix  C. 

Applicability  of  Existing  Disposal  Systems  to  Hazardous  Chemicals 

Those  disposal  systems  proposed  in  Sections  III  and  IV,  for 
oils  and  floating  chemical  groups,  may  be  adapted  to  the  groups 
of  hazardous  chemicals  by  implementing  a  variety  of  system  modi¬ 
fications.  The  recovery,  transfer,  storage  and  disposal  opera¬ 
tions  peculiar  to  the  handling  of  certain  hazardous  chemicals 
can  bear  close  resemblance  to  those  used  in  the  processing  of 
spilled  oil  and  floating  chemicals.  Definition  of  previous  sys¬ 
tems  1  through  13  and  OS-1  through  OS-4,  together  with  their 
applicabilities  to  and  the  limitations  or  constraints  imposed 
by  hazardous  chemi cal s,  are  given  in  Table  41. 

The  systems  previously  proposed  for  oils  and  floating 
chemicals  are  revised  for  handling  hazardous  chemicals  as  shown 
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FIGURE  29.  CONTRACTED  DISPOSAL  AT  OFF-SITE  FACILITIES: 
DISPOSAL  MATRIX  BY  SCENARIO. 


TABLE  41.  APPLICATION  OF  EXISTING  DISPOSAL  SYSTEMS  TO  HAZARDOUS 

CHEMICAL  SPILL  DEBRIS 
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in  Table  42.  This  table  presents  tabular  data  proposing  changes 
in  terms  of  equipment  design,  capacity,  additions  to  inventory, 
etc.,  required  to  adapt  the  existing  systems  to  the  processing 
and  disposal  of  spill  mass  containing  hazardous  chemicals. 

Volatile  hazardous  chemicals  and  debris,  for  example,  pose 
problems  with  respect  to  ignition  from  sparks  generated  by  heavy 
equipment  or  improperly  grounded  transfer  equipment  such  as 
pumps.  The  use  of  collapsible  rubberized  fabric  pillow  tanks  for 
temporary  vapor-tight  storage  of  volatile  spill  mass  is  an 
instance  of  such  a  system  modification  proposed  for  System  6. 
Three  Aero-Tech  Labs  Model  120770-H  (Item  No.  201)  pillow  tanks, 
each  having  a  capacity  of  about  76,000t  (20,000  gal),  provide 
temporary  on-site  storage  for  up  to  about  228  m3  of  volatile 
wastes.  Additional  capital  costs,  including  ground  cloths  and 
covers  resistant  to  ultra-violet  radiation,  are  estimated  to  be 
about  $29,000. 

Toxic  chemical  wastes  can  be  handled  satisfactorily  when 
precautions  are  taken  to  assure  that  all  containers  and  transfer 
equipment  are  sealed  air-  and  liquid-tight  to  prevent  the  escape 
of  vapors.  Filler  caps  on  containers  should  be  gasketed  to  pre¬ 
vent  venting  to  the  atmosphere.  Each  disposal  crew  member 
directly  involved  in  filling  operations  should  be  issued  a  self- 
contained  breathing  apparatus  (Item  No.  2203)  to  prevent  injuries 
resulting  from  inhalation  of  toxic  vapors  (Systems  2,  3,  8,  9, 
and  11). 

Caustic  wastes  give  rise  to  problems  in  the  transfer  and 
processing  operations.  Pumps  for  such  service  should  be  con¬ 
structed  of  type  316  stainless  steel  and  hoses  should  be 
chemically  rated,  such  as  the  "KEMFLEX"  type  (Item  No.  1101). 
Vacuum  tankers,  such  as  those  proposed  in  System  5  for  transport 
of  caustic  waste,  should  also  be  fabricated  from  type  316  stain¬ 
less  steel.  Barge  decks  and  temporary  storage  tanks  should  also 
be  protected  by  providing  corrosion-resistant  plastic  membrane 
liners  (Item  No.  104)  when  handling  caustic  materials. 

Systems  1,  2  and  3  require  a  supplementary  modification  to 
the  existing  oil/water  separation  systems  proposed  for  the  pro¬ 
cessing  of  spill  masses  recovered  under  Scenarios  A  through  D. 
Gravity-assisted  coalescing  1 iquid/1 iquid  separators,  similar  to 
the  ALL  ITH  Model  No.  42-630  (Item  No.  1  204)  are  capable  of  sep¬ 
arating  any  two  immiscible  liquid  phases  from  emulsion  when  a 
sufficient  specific  gravity  differential  ( ^ 0 . 05 )  exists.  Addi¬ 
tional  capital  costs  for  a  l,900c/min  unit  (500  gal/min)  are 
about  $49,000  each. 

Systems'  7,  8,  and  9  require  additional  modification  when 
handling  toxic  chemical  spill  materials.  Twelve  roll-off  sludge 
containers  (Item  No.  511)  of  19  m’  capacity  each,  are  proposed 
for  the  transport  of  about  228  m3  of  the  anticipated  spill  mass 
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per  transfer  to  off-site  facilities.  Each  is  equipped  with  a 
gasketed  top  opening  with  suitable  tie-down  arrangements  to  main¬ 
tain  the  top  cover  vapor-tight. 

On-site  processing  systems  OS-1,  OS-2  and  OS-3  require  modi¬ 
fication  to  the  extent  of  1 iquid/1 iquid  separators,  similar  to 
the  ALLITH  Model  42-630  proposed  for  hazardous  chemical  applica¬ 
tions  in  Systems  1,  2  and  3.  Toxic  and  volatile  wastes  processed 
in  these  on-site  systems  also  require  flexible  pillow  tanks  for 
temporary  storage,  cited  as  a  modification  to  System  6  previously 

SCENARIO  E  -  HAZARDOUS  CHEMICAL  ONLY,  NO  DEBRIS,  CALM  WEATHER, 
WARM  AIR  TEMPERATURE  -  SYSTEM  14  -  FOR  GASEOUS 
CHEMICALS 

Scenario  F.  is  defined  as:  Hazardous  chemicals  (liquid, 
solid,  or  gaseous)  dispersed  in  water,  no  solid  debris, 
warm  air  temperature. 

Gases  may  be  liberated  from  either  the  thermo-chemical 
reaction  of  liquids  (or  solids)  with  water  or  mixture  of  a 
low  boiling  point  liquid  with  water. 

While  mixture  of  these  gases  with  air  is  possible,  it  is 
less  likely  where  higher  density  vapors  result.  Mixture  with 
water  sprays  (aerosols)  or  water  vapor  is  also  possible.  The 
total  volume  of  the  gas  spill  is  assumed  to  be  approximately 
76  m3  (2,700  cu  ft)  based  on  a  gas/air  mixture  ratio  of  1:1. 

System  1 4 

System  14  is  defined  as  follows  (Figure  30): 

Transfer  of  recovered  gaseous  products  from  PRV  is  by 
fan  or  blower  and  flexible  ducting  mounted  on  the  workboat. 
Gaseous  products  are  passed  into  a  towable  pillow  storage 
bag  (Dracone)  for  transfer  to  shore.  Gases  are  transferred 
at  shore  to  on-site  flaring  devices  for  disposal,  or  are 
transferred  to  tank  trucks  for  transport  to  off-site  treat¬ 
ment  and  dipsosal  facilities. 

Critical  equipment  elements  of  the  system  are  shown  in 
Table  43.  The  total  system  life  cycle  cost  for  an  estimated 
2<)-yr  life  span  is  $770,1  63  and  the  system's  annual  cost  is 
$24  .1  50. 

An  »>'.  t  im.i  ted  transfer  time  of  8  min  is  considered  reasonable 
•  tem,  based  on  the  blower  flow -rate  of  9.91  m3  /min 

*’•  •  t>'.'  inmbined  flaring  device  burn  rate  of  10  m3/min. 

i '  i  n  no  t  Be  Handled-- 

.  an  he  handled  by  System  14  for  trans- 

.  - ,  «  transport  equipment. 


SYSTEM  14  ,  SCENARIO 


TABLE  43.  SYSTEM  14:  CRITICAL  EQUIPMENT  ELEMENTS 


Quantity 

Equipment 

Element 

★ 

Item 

No. 

Estimated 

Life 

(Yr) 

Capi tal 

Cost 
(1978  $) 

Approximate 
Annual  0&M 
Costs  ($) 

Estimated 
Salvage 
Value  ($) 

1 

Workboat 

606 

20 

80,000 

5,600 

4,000 

1 

Towable  pillow 
tank 

203 

5 

49,000 

3,150 

-- 

10 

Flaring 

devices 

19xx 

10 

20,000  . 
(2,000)' 

1  ,000 

1 ,000 

10 

Flame  arrestors 

— 

10 

4,000. 

(400)' 

200 

200 

1 

Blower  unit 

lOxx 

10 

2,500 

200 

250 

4 

Tank  trailer 

512 

10 

80,000 

(20,000)' 

8,000 

4,000 

1 

Truck-tractor 

514 

10 

59,000 

6,000 

4,000 

Contingency  (10%) 

- 

- 

29,050 

Life  cycle  cost  = 

$819,163 

Total  annual  cost 

24,150 

$ 


* 

See  Appendix  E 
'Unit  costs 
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Highly  toxic  gaseous  products  should  not  be  disposed  of 
on-site  by  flaring  devices,  due  to  the  noxious  vapors  gene  rated 
by  the  process.  These  gases  should  be  transported  directly  to 
off-site  facilities  where  they  can  be  recovered  and  purified  for 
feuse,  or  disposed  of  in  an  environmentally  acceptable  manner. 
Highly  volatile  gaseous  products  can  be  handled  using  System  14 
when  in-line  flame  arrestors  are  provided  to  prevent  flashback 
along  flaring  device  inlet  lines. 

Disposal  by  flaring  devices  is  not  applicable  to  nonflam¬ 
mable  gases,  which  must  be  transported  directly  to  off-site  treat¬ 
ment  or  disposal  facilities. 

Approximate  Quantity  of  Spill  Mass  Which  Can  Be  Handled-- 

The  transfer  rate  of  System  14  is  limited  by  the  flow  rate 
of  the  gas  transfer  blower  and  by  the  capacity  of  the  towable 
storage  bag.  One  blower  transfer  unit  is  provided  with  a  volu¬ 
metric  flow  rate  of  9.91  m3/min  (350  cfm).  Thus,  the  entire 
anticipated  gaseous  spill  mass  of  76  m3  could  be  transferred  in 
about  8  min  with  the  blower  operating  continuously.  One  towable 
storage  bag  is  capable  of  holding  up  to  490  m3  of  gaseous  pro¬ 
duct,  more  L.han  adequate  for  the  expected  spill  volume.  Only 
one  transfer  to  shore  by  pillow  bag  will  be  required  for  the 
expected  spill  volume  of  76  m3. 

Ten  flaring  devices  are  recommended  to  provide  destruction 
at  a  rate  of  10  m3/min.  Disposal  of  the  entire  gaseous  spill 
mass  of  76  m3  is  expected  to  require  substantially  less  than 
1  hr . 

Feasibility  of  Development  Including  Critical  Elements-- 

All  equipment  components  included  in  System  14  are  available 
on  the  commercial  market.  .  Development  of  the  equipment  into  a 
mobile  Coast  Guard  response  system  would  require  little  engineer¬ 
ing  expense  other  than  proper  sizing  and  acquisition  of  compo¬ 
nents. 

Environmental  Impacts  of  System  Operations-- 

Potentials  for  environmental  impact  in  the  disposal  system 
include  the  following: 

•  Incomplete  combustion  of  gases  by  flaring  device 

•  Leakage  of  gaseous  product  from  pillow  storage  bag 

•  Leakage  of  gaseous  products  at  connection  points 
between  blower,  ducting,  storage  bags,  flaring  devices 
or  transport  vehicles. 

Approximate  Size  and  Weight  of  Equipment-- 

Table  44  shows  the  approximate  dimensions  and  weights  of 
each  equipment  element  for  System  14.  Plans  for  each  element 
are  shown  in  the  indicated  figures. 
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TABLE  44.  SYSTEM  14:  DIMENSIONS  AND  WEIGHTS  OF 
CRITICAL  EQUIPMENT  ELEMENTS 


Equipment 

Element 

Item  No. 

L  (m) 

W  (m) 

H  (m) 

D  (m) 

Weight  (Kg) 

1 

Figure 

Workboat 

606 

11.73 

5.03 

1.60 

- 

31 ,750 

D-l  5 

Pillow  tank 
(towable  - 
in  envelope) 

203 

3.0 

2.0 

2.0 

- 

743 

D-l 

Flaring 

devices 

19xx 

Cylind¬ 

rical 

Cylind¬ 

rical 

2.44 

.41 

136 

— 

Blower  unit 
(includes 
ducting) 

lOxx 

.71 

.51 

.34 

54 

— 

Flame  arrestors 

.43 

.37 

.37 

- 

25 

— 

Tank  trailer 

512 

9.80 

— 

3.35 

1 .68 

7,484 

D-8 

Truck-tractor 

514 

5.98 

2.44 

2.98 

— 

19,800 

D-l  0 

★ 

For  conceptual  drawing,  see  figure  indicated.  Appendix  E. 
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Transportability  by  Existing  Coast  Guard  Vessels  and  Aircraft 
Capability-- 

Appendix  F  gives  the  dimensions  of  various  cargo  holds  for 
Coast  Guard  aircraft  and  vessels. 

Transportability  by  Other  Than  Coast  Guard  Vessel  and  Aircraft-- 

See  Appendix  F. 

Special  Requirements-- 

Limiting  elements  of  System  14  are  the  portable  flaring 
devices,  which  cannot  be  transported  by  air  or  sea.  These  items 
are  transportable  to  the  spill  site  by  road  vehicles  only. 

Specially  trained  Coast  Guard  personnel  are  requited  for 
installation  and  operation  of  all  equipment  included  in  System  14 
During  simultaneous  operation  of  all  equipment  elements,  it  is 
estimated  that  a  maximum  of  eig’it  persons  are  required  as  crew 
(includes  workboat-1,  hlowers-2,  pillow  tank-1,  tank  truck-1,  and 
flaring  devices-3). 

Diesel  fuel  must  be  provided  for  the  operation  of  the 
blower  (Item  No.  lOxx)  and  the  workboat  (Item  No.  606). 

CONCEPTUAL  DISPOSAL  EQUIPMENT  FOR  HAZARDOUS  CHEMICALS 

The  ability  of  existing  portable  equipment  systems  to  treat 
and  dispose  of  hazardous  chemical  spills  on-site  is  somewhat  1 imi 
ted  in  terms  of  chemical  applicability  and  operational  environ¬ 
ment,  as  demonstrated  in  the  previous  section.  Limitations  of 
present  spill  disposal  equipment  are  in  part  due  to  the  fact  that 
in  many  cases,  disposal  equipment  is  not  specifically  designed 
to  accommodate  the  highly  toxic,  caustic, or  volatile  characteris¬ 
tics  of  hazardous  spill  materials.  Most  state-of-the-art  spill 
disposal  equipment  is  primarily  intended  for  oils  and  oily  wastes 
but  has  some  limited  application  to  hazardous  materials  disposal. 
Much  of  the  recent  research  effort  in  spill  prevention  and  coun¬ 
termeasures  has  concentrated  on  hazardous  waste  disposal,  and 
the  state  of  the  art  is  expected  to  advance  rapidly. 

The  limitations  of  existing  spill  disposal  equipment  for 
handling  hazardous  chemicals  and  contaminated  debris  are: 

•  Lack  of  safe,  environmentally  acceptable  on-site  dis¬ 
posal  methods  for  highly  hazardous  materials 

•  Lack  of  adequate  vapor  containment  techniques  when 
transferring,  storing,  and  treating  materials  emitting 
hazardous  vapors 

•  Lack  of  effective,  low-temperature  washing  techniques 
for  debris  contaminated  with  hazardous  chemicals. 


Several  conceptualized  equipment  components  and  treatment/di sposal 
techniques  are  discussed  in  this  section  and  further  research  and 
development  is  recommended.  Each  conceptual  equipment  component 
or  treatment/disposal  method  is  proposed  in  response  to  a  speci¬ 
fic  limitation  with  respect  to  the  chemical  applicability  to,  or 
operational  environment  of,  an  existing  disposal  system. 

Road-Portable  Hazardous  Wastes  Incinerator 

An  example  of  this  concept  is  the  MB  Associ ates/EPA  Mobile 
Environmental  Restoration  Incinerator  Complex  (ERIC)  (Figure  31). 

A  so  1  id/ 1 i qu i d/ s 1 udge  waste  incinerator,  afterburner  and  stack  gas 
processing  system,  mounted  on  heavy-duty  highway  tra i 1 ers,  enabl es 
over-road  transport  to  spill  sites  by  truck-tractor.  The  incinera¬ 
tor  incorporates  a  rotary  kiln  combining  controlled  atmosphere 
and  excess  air  inlet  capabilities.  High  kiln  temperatures 
(to  980°C)  and  extended  residence  times  (to  1  hr)  assure  complete 
degradation  and/or  disposal  of  hazardous  materials.  A  high- 
temperature  (1,090°C)  excess  air  afterburner  section  with  exten¬ 
ded  dwell  times  ( >2  sec)  insures  destruction  of  pesticide  wastes 
in  compliance  with  Federal  Air  Quality  Regulations.  Particle 
scrubbing  is  utilized  to  remove  fly  ash  and  small  particulates 
from  the  exhaust  gas  stream.  An  absorber  scrubber  is  used  for 
removal  of  SO2  and  HC1.  The  mobile  incineration  unit  is  equipped 
with  a  sel f -conta i npd  generator  set  for  remote  operations. 

The  mobile  hazardous  waste  incinerator  is  particularly 
applicable  to  on-site,  shore-side  treatment  and/or  disposal  of 
toxic  liquid  effluents,  as  described  under  System  OS-3.  On-site 
incineration  would  also  be  useful  for  the  detoxification  of 
hazardous  sludges  and  small  solids,  as  in  Scenarios  K  and  Q. 

The  example  incinerator  is  presently  being  developed  under 
contract  to  the  U.S.  EPA,  Edison,  New  Jersey.  The  system  has  yet 
to  be  fi el d -demon s t rated  ,  but  appears  to  have  potential  for  many 
types  of  applications. 

Concept^  Sea -  Going  Hazardous  Waste  Incinerator 

The  M/T  Vulcanus,  owned  by  Ocean  Combustion  Services,  B.V., 

The  Netherlands  is  an  example  of  a  process  which  can  be  employed 
at  major  marine  spill  cleanups.  Similar  in  concept  to  the  unit 
described  above,  this  system,  installed  on  a  converted  cargo 
ship  or  equivalent  vessel,  can  be  brought  directly  to  the  spill 
site  for  disposal  operations.  Again,  as  above,  a  high  tempera¬ 
ture  excess-air  afterburner  is  utilized  with  extended  dwell  times 
to  destroy  toxic  wastes  in  order  to  comply  with  air  standards.  Par¬ 
ticle  and  absorption  scrubbing  are  used  to  remove  particulate 
and  HCI/SO2  emissions  from  the  exhaust  gas  stream.  The  incinera¬ 
tor  kiln  can  function  either  as  a  rotary  kiln  or  f 1 u  i  d i zed -bed 
incinerator  with  high  temperature  and  extended  residence  time 
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FIGURE  31.  MOBILE  ENVIRONMENTAL  RESTORATION  INCINERATOR  COMPLEX 


capabilities  for  complete  destruction  of  solid  wastes.  The 
incinerator  is  capable  of  accepting  ram-fed  solids,  or  liquids 
and  sludges  injected  at  the  kiln  floor.  The  vessel  is  equipped 
with  both  liquid  and  bulk  solids  handling  capabilities  for  spill 
mass  transfer  from  the  primary  recovery  vessel.  On-board  storage 
is  provided  for  up  to  3,800  nw  of  recovered  spill  chemicals  and 
debr i s . 

The  sea-going  hazardous  waste  incineration  vessel  is  speci¬ 
fically  applicable  to  the  on-site  treatment  and/or  disposal  of 
hazardous  chemical  spills,  as  described  under  System  1.  Ocean 
disposal  is  also  applicable  to  disposal  of  spill  masses  contain¬ 
ing  debris,  when  some  form  of  on-board  volume  reduction  is 
included. 

The  ocean  incineration  technique  has  been  demonstrated  by 
the  example  incineration  vessel,  in  a  burn  of  approximately  16,000 
metric  tons  of  organochlorine  wastes  by  the  Shell  Chemical  Company 
of  Houston.  No  adverse  environmental  impacts  were  observed,  and 
it  is  estimated  that  up  to  90  percent  of  the  liquid  wastes  were 
completely  oxidized.  This  concept  has  the  disadvantage  of  rela¬ 
tively  slow  response  times,  and  the  need  for  several  such  vessels 
widely  dispersed  to  respond  to  the  many  spill  events.  Also,  the 
incineration  of  certain  wastes  having  highly-corrosive  combustion 
products  can  damage  the  stack  and  scrubbing  equipment.  Incinera¬ 
tion  oil  or  chemicals  which  are  only  moderately  hazardous  and 
amenable  to  other  disposal  options  is  probably  not  cost-effective. 

Concept:  Low-Temperature  Debris  Mashing  Techn ijju  e 

The  use  of  ultra-low  (<<0°C)  freezing  point  solvents  or  wash 
water  additives  to  enable  debris  washing  at  below  freezing  ambient 
temperatures  might  prove  useful  in  colder  climates.  Where  chemi¬ 
cally  compatible,  a  low-cost  water  additive  such  as  automotive 
antifreeze  fluid  would  prevent  ice  formation,  and  allow  the 
removal  of  hazardous  materials  from  debris. 

Another  option  is  the  use  of  a  high-velocity  air  jet  to  remove 
both  liquid  and  solid  chemicals  from  debris.  The  air-jet  system 
would  consist  of  a  portable  high-pressure  compressor  and  motor, 
and  a  flexible  pressure  hose  with  a  trainable  nozzle  to  provide 
a  high-velocity  air  stream. 

These  1 ow-temperature  washing  techniques  are  specifically 
applicable  to  the  low  ambient  temperature  washing  of  large,  con¬ 
taminated  solid  debris  (Systems  12  and  13,  Scenario  X).  High 
velocity  air  "washing"  techniques  may  not  be  suitable  for  smaller 
contaminated  debris  (Scenarios  Q,  R). 

Both  concept  options  utilize  commercially  available  components 
and  solvents,  and  can  readily  be  developed  into  working  systems. 
Since  no  recycling  of  wash  fluids  is  included  in  Option  1,  solvents 


or  water  additives  used  must  be  relatively  inexpensive.  Wash 
fluids  may  be  chemically  incompatible  with  the  hazardous  spill 
material.  The  air-washing  system  appears  to  be  a  viable  tech¬ 
nique  for  cleaning  hazardous  materials  from  the  surface  of 
large  solid  debris,  particularly  metal  items. 

Bulk  Hazardous  Solids  Transport  Contai ner 

A  road-portable  container  vehicle  is  required  for  safely 
transporting  hazardous  contaminated  solid  spill  debris  to  off¬ 
site  facilities  in  a  f u 1 1 y-con ta i ned  manner.  The  container  is 
mounted  on  a  heavy-duty  commercial  highway  trailer  chassis 
(Figure  32),  and  can  be  hauled  by  true k- trac tor  on  most  road¬ 
ways  with  adequate  load-bearing  capacity.  Debris  are  loaded 
into  the  container  through  a  hydrau 1 i c a  1 1 y -ac tua ted  ,  top-opening 
door,  gasketed  for  vapor  containment.  Rea r -open  i  ng  ,  gasketed 
doors  allow  unloading  of  debris  by  hydraulic  ram,  a  technique 
also  applicable  to  load  distribution.  Total  volumetric  capacity 
of  the  solids  container  vehicle  is  approximately  57  m3  (2,000 
cu  ft)  with  1 oad-ca rryi ng  capacity  in  excess  of  19  metric  tons. 

An  auxiliary  engine  is  included  to  provide  hydraulic  power  for 
unloading  ram  and  top-door  actuation.  The  trailer  interior  and 
exterior  are  epoxy-coated  to  increase  corrosion-resistance. 

The  bulk  hazardous  solids  transport  container  is  directly 
applicable  to  transfer  of  large  size  contaminated  debris  where 
washing  is  impractical  or  where  toxic  or  volatile  substances 
remain  after  washing  (Systems  12  and  13).  Solid  debris  volume 
need  only  be  reduced  to  a  size  that  will  pass  through  the  top¬ 
opening  door  (2.4  m  W  x  2.7  m  L).  The  container  is  useful  for 
temporary  on-site  storage  and/or  transport  of  nonpumpable  spill 
debris  which  contain  toxic  or  volatile  vapors. 

The  concentrated  hazardous  solids  container  is  very  similar 
in  design  to  commercially  available  refuse  transfer  trailers 
which  are  commonly  used  in  solid  waste  management.  Relatively 
simple  modifications  to  the  standard  transfer  trailer  are 
required  to  provide  a  vapor-tight  seal  on  loading  and  unloading 
doors.  These  units  appear  to  be  readily  adaptable  to  the  hauling 
of  debris  contaminated  by  hazardous  chemicals. 

Oil/Water  Vapor  Seal  for  Hazardous  Material  Transport 

A  simplified  vapor  containment  technique  is  recommended  for 
transport  of  debris  contaminated  with  hazardous  toxic  or  vola¬ 
tile  materials.  Vapors  generated  by  the  debris  are  contained 
by  a  combination  water  bath  and  oil  barrier.  Debris  are  placed 
in  an  open-top  roll-off  container,  specially  sealed  to  contain 
liquids  without  leakage  (Figure  33).  Debris  are  submerged  by 
a  water  bath  of  sufficient  depth  to  fully  cover  all  debris  by 
at  least  0.3  m  ( 1 -ft) .  An  oil  layer  of  approximately  0.1  (4-in) 
depth  is  poured  on  top  of  the  water  bath  to  float  and  create  an 
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(3  OR  MORE  PER  ROLL-OFF  CONTAINER: 

URE  33.  OIL/WATER  VAPOR  SEAL  FOR  HAZARDOUS  MATERIAL  TRANSPORT  (INCLUDES  BAFFLE  PLATE 
ARRANGEMENT  TO  PREVENT  LIQUID  SURGE  DURING  BRAK I NG/ ACCE LE RAT  I  ON ) 


effective  vapor  seal.  Highly  viscous  nontoxic  oils,  such  as 
No.  4-6  fuel  oil,  should  be  used  for  the  most  effective  seal. 
Water  and  oil  used  for  vapor  containment  are  disposed  along  with 
the  contaminated  debris  at  off-site  disposal  facilities.  A  plas¬ 
tic  tarp  or  cover  is  tied  down  over  the  open  container  to  con¬ 
trol  splashing  and  loss  of  oil  and  water.  "Surge"  of  the  upper 
surface  of  the  water  and  oil  film  mass,  during  braking  of  the 
vehicle,  can  be  markedly  reduced  by  "compartmentalizing"  the 
interior  of  the  roll-offs.  This  is  done  by  means  of  three  or 
more  baffle  plate  assemblies.  Each  is  fabricated  from  steel 
plate  (3/16  in  minimum),  framed  by  angles  (e.g.,  3-in  x  1/4  in) 
with  mitred  corners.  Each  of  the  plate  assemblies  is  maintained 
in  a  vertical  attitude  by  two  groups  of  angles  welded  to  the 
sidewalls  of  the  roll-off  (Detail  I).  The  height  of  the  top 
edge  of  the  plates  above  the  roll-off  floor  should  be  approxi¬ 
mately  equal  to  the  level  of  the  water/oil  interface. 

This  simplified  vapor  containment  technique  is  useful  in 
transporting  medium  to  large  sized  hazardous  debris  (Scenarios 
Q  and  W)  to  off-site  disposal  facilities.  The  technique  pro¬ 
vides  a  quick-response  transport  method  for  hazardous  material 
solids  using  readily  available  equipment  and  supplies. 

This  technique  appears  to  be  suitable  for  substances  which 
have  low  vapor  pressures,  or  vapors  which  are  soluble  in  water. 
High  vapor  pressure  substances  will  not  be  effectively  contained, 
as  hazardous  vapors  will  simply  bubble  up  through  water  and  oil 
barriers.  The  technique  is  obviously  not  applicable  to  substan¬ 
ces  which  are  reactive  with  water.  Water /oil  barriers,  however, 
can  be  readily  implemented  when  specific  vapor-containment  tech¬ 
niques  or  equipment  are  not  available. 

F i e 1 d -Sea  1 ab 1 e  Debris  Bags 

In  this  conceptual  process,  large  solid  spill  debris  contami¬ 
nated  with  hazardous  or  toxic  materials  are  wrapped  in  flexible 
pond  liner  sheeting  and  sealed  into  a  vapor-tight  "bag".  A  dump 
truck  bed  is  filled  with  sand  to  form  a  cushion  to  prevent  punc¬ 
tures,  and  a  sheet  of  plastic  liner  material  laid  into  the  bed. 
Debris  is  placed  in  the  bed  onto  the  approximate  center  of  the 
liner,  and  the  edges  of  the  liner  folded  up  and  joined  by  means 
of  an  on-site  thermal  seam  welder  (Figure  34).  Ends  of  the  liner 
are  folded  and  seamed  to  complete  the  sealed  debris  bag. 

The  debris  bag  technique  is  directly  applicable  to  the  safe, 
contained  transport  of  large  solid  debris  contaminated  with 
hazardous  materials  (Systems  12  and  13).  "Bagging"  of  hazardous 
debris  solids  is  especially  useful  when  low  ambient  temperatures 
or  other  considerations  preclude  the  washing  of  toxic  or  vola¬ 
tile  substances  from  debris.  The  technique  may  also  be  appli¬ 
cable  to  the  safe  stockpiling  of  debris  which  generate  hazardous 
vapors. 


U R E  34.  FI  ELD-SEALABLE  DEBRIS 


Since  all  components  of  this  conceptualized  transport/storage 
system  are  commercially  available,  such  a  working  system  can  be 
readily  developed.  The  major  questions  concerning  the  viability 
of  this  technique,  is  the  puncture  resistance  of  the  liner 
material  when  handling  jagged,  sharp  metallic  or  organic  solids. 
The  use  of  a  cushioning  sand  bed  and  careful  loading  of  debris 
onto  liner  should  minimize  the  possibility  of  liner  puncture 
and  consequent  vapor  leakage. 

Nonsparking,  Corros i on -Res i s tant  Crane  and  Loader  Buckets 

Previous  project  findings  have  indicated  the  need  for  crane 
or  loader  buckets  or  blades  fabricated  from  corrosion-resistant, 
nonsparking,  nonmetallic  materials  to  allow  safe  handling  of 
toxic,  flammable,  or  caustic  solids.  Glass-reinforced  plastics 
(GRP)  or  other  materials  fabricated  into  required  bucket  con¬ 
figurations  provide  adequate  strength  and  similar  operation  to 
their  metallic  counterparts.  Replaceable  wear  surfaces,  to  pro¬ 
tect  areas  exposed  to  abrasion,  increase  the  service  life  of  the 
bucket  or  blade. 

Special  loader  and  crane  buckets  are  particularly  applicable 
to  on-shore  collection  and  transfer  of  volatile  contaminated 
solids,  such  as  soils  and  sands  (System  7).  The  use  of  non¬ 
sparking  bucket  materials  are  useful  under  conditions  of  high 
wear  and  corrosion  rates,  a  common  characteristic  of  caustic 
materials  handling. 

Glass-reinforced  plastics  are  readily  available  and  moldable 
into  any  conceivable  shape.  GRP  can  be  reinforced  in  areas  of 
high  stress  or  wear  by  adding  additional  layers  of  fiberglass 
matting  and  resin  to  the  lay-up. 

Portable  Vapor  Containment  System 

A  portable  system  should  be  developed  for  the  containment 
and  treatment  of  hazardous  chemical  vapors  during  filling  opera¬ 
tions  involving  volatile  or  toxic  fluids.  The  system  utilizes 
a  two-phase  filler  nozzle  (vapor  closure)  to  allow  filling  of 
tanks  simultaneously  with  vapor  displacement  and  collection 
(Figure  35).  Displaced  vapors  are  passed  to  activated  carbon 
adsorption  colums  for  vapor  removal  from  the  displaced  air  stream. 
Spent  carbon  granules  are  collected  in  a  storage  container  for 
subsequent  disposal  or  thermal  regeneration.  Residual  gases 
exiting  the  carbon  sorption  columns  are  stored  in  tank  trucks 
for  transport  off-site,  or  if  sufficiently  clean,  are  released 
directly  to  the  atmosphere.  Carbon  sorption  columns  and  spent 
carbon  storage  bins  are  mounted  on  a  heavy-duty  commercial  high¬ 
way  trailer  chassis  for  transport  by  truck-tractor.  The  hand¬ 
held  vapor  closure  unit  is  connected  to  the  trailer  by  flexible 
ducting,  and  includes  a  standard  coupling  for  the  waste  fluids 
input  hose. 
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NMENT  system 


The  portable  vapor  containment  system  is  applicable  to  all 
hazardous  waste  disposal  systems  in  which  a  hazardous  fluid  is 
pumped  into  a  tank  of  some  kind,  displacing  air  and  toxic  or 
volatile  vapors  (Systems  1-4  and  5-7). 

Vapor  containment  at  petroleum  or  other  hydrocarbon  loading 
racks  is  a  well-established  technology.  It  is  conceivable  that 
a  trailer-portable  version  of  these  systems  could  be  designed 
for  on-site  use.  All  equipment  would  have  to  be  custom-engineered, 
as  no  commercial  portable  vapor  containment  equipment  currently 
exists. 
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SUMMARY 


VI  . 


The  U.S.  Coast  Guard  has  determined  that  systematic  tech¬ 
niques  and  equipment  are  required  to  improve  the  efficiency  and 
effectiveness  of  oil  spill  cleanup  debris  disposal  practices. 

The  Coast  Guard  also  recognizes  that  chemicals  and  contaminated 
debris  collected  during  cleanup  of  hazardous  material  spills  must 
be  disposed  of  properly.  Accordingly,  the  Coast  Guard  has 
examined  existing  and  potential  methods  and  equipment  for  deal¬ 
ing  with  these  materials.  This  report  is  a  result  of  that 
study. 

During  early  phases  of  this  study,  24  scenarios  were  iden¬ 
tified  which  describe  combinations  of  environmental  and  spill 
mass  characteristics  that  may  be  encountered  in  oil  and  hazardous 
chemical  spill  debris  disposal  activities.  Using  these  prede¬ 
signated  scenarios  as  a  starting  point,  general  disposal  metho¬ 
dologies  were  developed  based  on  literature  and  personal  descrip¬ 
tions  of  past  disposal  experiences.  Thirteen  disposal  equip¬ 
ment  systems  (plus  four  auxiliary  systems)  were  then  described 
to  illustrate  the  identified  disposal  methodologies  (Table  45). 

OILS  AND  FLOATING  CHEMICALS 

It  was  found  that  for  spill  masses  including  oils,  some 
systems  are  applicable  for  both  warm  and  cold  weather,  while 
others  are  useful  only  in  warmer  conditions.  The  same  systems 
were  also  found  to  be  directly  applicable  to  floating  chemicals, 
although  some  limitations  are  observed  where  toxic  or  volatile 
chemicals  are  involved.  Yet,  all  possible  scenarios  have  at 
least  one  system  which  can  be  used  under  the  described  spill 
mass  and  climatic  conditions. 

Subsequent  work  was  conducted  to  select  the  disposal  systems 
best  suited  to  Coast  Guard  needs  for  both  oils  and  chemical 
spills.  The  best  systems  were  selected  according  to  specific 
performance  and  cost  criteria. 

It  was  observed  that  the  13  transport/disposal  equipment 
systems  do  not  each  represent  the  same  degree  of  ultimate 
material  disposal.  In  all  cases  except  System  1,  it  is  necessary 
to  combine  the  debris-handling  systems  with  various  on-site 
(OS-1,  3,  and  4)  and  contractor-operated,  off-site  disposal 
facilities  (CF),  to  provide  a  complete  disposal  system.  These 
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TABLE  45.  SUMMARY  OF  DISPOSAL  EQUIPMENT  SYSTEMS 


•See  Appendix 


TABLE  45  (continued) 


combined  systems  can  then  be  compared  directly  to  one  another 
and  rated  against  the  same  criteria. 


It  is  recommended  that  these  complex  systems  be  developed 
as  individual  systems.  Accordingly,  ten  of  the  systems  (includ 
ing  three  of  the  four  on-site  systems)  were  recommended  for 
inclusion  in  eventual  development  programs: 


t  System  1 

•  System  2 

•  System  4 

•  System  7 

•  System  8 


System  9 
System  13 
System  OS-1 
System  OS-3 
System  OS-4 


The  details  of  the  10  systems  included  in  the  Executive 
Briefing  Packages  and  Technical  Description  Packages  are  con¬ 
densed  into  table  form  for  easy  reference  and  to  serve  as  an 
overview.  The  following  tables  are  included: 

•  Summary  of  Characteristics  and  Handling  Procedures  for 
Solid/Liquid  Spill  Mass  (Table  46) 

•  Summary  of  System  Configuration,  Transportation  and 
Crew  Requirements  (Table  47) 

•  Summary  of  Spill  Mass  Handling  Capabilities  and 
Limitations  (Table  48) 

•  Summary:  Development  Schedules  and  Costs  (Table  49). 


HAZARDOUS  CHEMICALS 


Special  handling  for  hazardous  chemicals  procedures  can  be 
categorized  as  follows: 

•  Sinking  chemicals  mixed  with  water  or  sediments 

•  Water  contaminated  by  miscible  chemicals 

•  Volatile  chemical s 

•  Toxic  chemicals 

•  Caustic  chemicals 

•  Gaseous  chemicals. 


General  treatment  and  disposal  procedures  include  phase  separa¬ 
tion  (e.g.,  filtration),  incineration,  chemical  and  biological 
treatment,  land  disposal,  and  miscellaneous  techniques. 


185 


TABLE  46  (continued) 


SPILL  MASS 
CHARACTERISTICS 

STEPS  IN  PROCESS 

9 

M.N.04P 

Oils  or  oils  and  floating 

— 

e  Place  spill  mass  onto  barge  - 

chemicals,  dispersed  in 

towed  ashore  by  workboat 

water,  and  large  quantities 

e  Unload  at  dock  by  crane  Into 

of  solid  organic  debris: 

temporary  storage  tanks  (site- 

seaweed,  sorbents,  ml  sc. 

erectable) 

storm  debris  -  (sol  1 d : 1 Iquld 

•  Hash,  screen  and  drain  on  shore 

ratios  as  high  as  100:1 ). 

t  Transport  liquids  In  bins  to 

|  on-site  process  on  flat-bed 
'  trailers . 


•  Transport  solids  In  bins  or  In 
dump-truck  to  off-site  disposal 
facility. _ 


13 

I 

I 

i 

I 

i 


S.T.U&V 


I  Oils  or  oils  and  floating  • 
I  chemicals,  dispersed  In 
seawater,  soaking  large 
j  solid  debris:  logging  waste,  ■  • 
i  metallic  fragments  (pieces  je 
|  of  ship's  hull,  oil  drums),  I 
i  plastic  fragments .  i  e 


OS-1  ALL 


:  • 


e 


Potential  residues  contain-  I  • 
(ng  oil  or  oil  and  floating 
chemicals  separated  from  or 
dispersed  In  aqueous  effluent 
or  slurries.  Received  from 
Systems  Z,  4,  7,  3,9,13,  ,  • 

and  sometimes  System  1 .  e 


e 


t 


Place  recovered  solids  onto  deck 
of  PRV,  workboat  or  barge  by 
crane  with  grapple 
Tow  barge  to  shore  by  workboat 
Off-load  solids  by  crane  Into 
lined  tank 

Wash  solids  with  solvents, 
detergents 

Transfer  liquid  effluent  to 
on-site  treatment  or  disposal  (OS) 
Compact  metal  debris  after  use 
of  cutting  torch 
Transport  debris  to  CF,  for 
salvage  or  disposal 


Pump  Influent  to  any/all  of: 

-  Temporary  site-erected  storage 
tank 

-  Tank  with  demulsifier  agent 

-  Hydrocarbon/water  separator 
Monitor  separator  effluent 
Discharge  aqueous  effluent 
from  separator  to  watercourse 
(If  standards  met) 

Pump  concentrated  product  to 
temporary  storage  tanks 
Transfer  concentrated  fluid 
to  vacuum  tank  truck 
Transport  for  treatment/ 
disposal  at  CF 


■ 

i 


I 


i 


e  Pump  Influent  to  any/all  of: 

-  Temporary  site-erected  stor¬ 
age  tank 

-  Tank  with  demulsifier  agent 

-  Hydrocarbon/water  separator 
a  Monitor  separator  effluent 

•  Discharge  aqueous  effluent 
from  separator  to  watercourse 
(if  standards  met) 
e  Bum  concentrated  fluids  in 
Incinerator. 
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TABLE  46  (continued) 


r 


S'Sten  i  scenarioSiS) 

- 1 - 


SPILL  NASS 
CHARACTERISTICS 


OS-4  ALL  Potontltl  rollout!  conttln-  1 

i  In)  oil  or  oil  tnd  Plotting 
Ch»1cttl  Stptrtttd  from  or 
dliptritd  In  tqutoul  tfflutntl 
or  ilurrltl.  Rtctlvod  fro* 
Sylttoii  I.  4.  7.  3,  9.  1 3 . 

«nd  tOMUMt  Syittm  1. 


_L 


STEPS  IN  PROCESS 


•  Pumo  incoming  fluid!  Into 
ttmportry  !l to-trocttblo 
ttortgo  ttnk 

0  O'lpolt  O'  tduoou!  »nd  or 
concontrttod  wtsto  by  tithor: 

-  Trtmportltion  by  ttnk 
truck  to  OS  burltl  (using 
ttrtn-movlng  oqulpmont)  or 

-  Trtniftrrlng  to  cultivttor 
(liquid  «ppl letter  vtcuum 
ttnk  truck) 
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TABLE  -17.  SUMMARY  OF  SYSTEM 
AND  CREW  REQUIREM 


Schematic  Diagram 


«•»*$ 


SOL  I  OS 
PL'HP 


LiiNvf'  nit 


•*UCK 


.  *JANF 


SMi'M  t 

**Nf  _ _ 

-  i  .x  i 

”  Y*V>N 

TCEXH 

STM 

£ . 

T  *NH  1 

Lt 

\  n«i*0f  so*'/ 

TRANSPORTATION 


S 


TABLE  48.  SUMMARY  OF  SPILL  MASS  HANDLING  CAPABILITIES 

AND  LIMITATIONS 


— 

RANGE 

QUANTITY  -  PROCESSING  RATE 

SYS. 

NO. 

OIL 

GROUPS 

HH 

THROUGHPUT 

RATE 

1 

I-  All* 

M-All 

1 1 1 -Low  Vise. 

IV  -  All* 

V  -  All* 

1VF-I  -  LTSF  Only 

IVF-II-Nontoxic 

IVF-III-A11 

INF-II, -Ill-All 
SNF1SVF  -  All 

Incinera tor 

570  t/hr 

2 

I  -  All 

II- A11 

III- Low  Vise. 

IV-  All 

V  -  low  Vise. 

IVF-I-Except  LTSF 
IVF-I1  to-V  -All 
INF- I  to- I I I-Al 1 
SNF  -  Nontoxic 

SVF  -  Nontoxic 

303 

; 

2  da 

Centrifugal  Bump 

j 

500  fc/min 
(each) 

4 

_ 

I  -  All 

II  -  All 
Ill-Low  Vise. 

IV  -  All 

V  -  All 

IVF-I-Except  LTSF 
IVF-II-Nontoxic 
IVF-IV.-V-A11 
INF-I-to-I I I-Al 1 
SNF, SVF-Non toxic 

490 

2  da 

Centrifugal  Pump 

j 

500  t/mln 
(each) 

' 

I  -  All 

II  -  All 

III- Low  Vise. 

IV- A1 1 

V- Low  Vise. 

IVF-I  to  V-A11. 

Except  LTSF 

INF- I  to  Ill-All 
SNF-Allt 

SVF-Allf 

180 

4  hr 

Tubular  Conveyor 

750  l/min 
(26.5  cfm) 

.  ] 

I  -  All 

II  -  All 
Ill-Low  Vise. 

IV  -  All 

V  -  Low  Vise. 

IVF-I-Except  LTSF 
IVF-II  to-V-Al 1 
INF- 1  to- 1 1 I-Al  1 
SNF  -  All# 

SVF  -  All# 

3800 

. 

4-7  da 

Open- top  roll -offs 

(Capacity- 
200  m^  each) 

9 

_ 

I  -  All 

II  -  All 
Ill-Low  Vise. 

IV  -  All 

V  -  Low  Vise. 

_ 

IVF-I-Except  LTSF 
IVF-II  to-V-AI 1 
INF-I  to  Ill-All 
SNF  -  Nontoxic 

SVF  -  Nontoxic 

3800 

** 

4-7  da 

Open-top  roll-offs 

(Capacity- 
200  n?  each) 

* 

Appendices  A  and  B 


Volatility  can  create  explo'.on  hazards  during  incineration. 

Protective  clothing  and  face  masks  required  for  disposal  crew. 

t* 

System  modification  to  Include  the  use  of  vapor-tight  containers  (for  transfer 
of  concentrated  product)  and  protective  clothing  for  disposal  crew. 

Vt  has  been  assumed  that  the  volumetric  ratio  of  solid  debris  to  spilled  product 
Is  100  to  1  In  warm  conditions  and  50  to  1  In  cold  weather.  Thus,  If  a  given 
amount  of  spilled  oil,  spilled  In  warm  weather,  requires  7  days,  the  same  amount 
spilled  In  cold  weather  (slightly  over  half  the  overall  volume,  for  warm  conditions) 
should  require  about  4  days  for  the  process  period. 
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TABLE  48  (continued) 


RANGE 

QUANTITY  -  PROCESSING  RATE 

SYS.  Oil 

1  NO .  CROUPS 

FLOATING  CHEMICAL 
GROUPS 

(•3) 

PROCESS 

PERIOD 

LIMITING  EQUIPMENT 
ITEM 

THROUGHPUT 

RATE 

I  -  All 

II  -  All 

1  13  111  -  All 

IV  -  All 

V  -  All 

IVF-I  thru  -V 

INF-1  thru  -III 

SNF  and  SVF: 

See  notes  a.  and 
b.  below 

(wt  - 

4550 

*9) 

Z  da 

(estlm. ) 

Workboat 

Crane 

(Cap'y-5  tons) 
(Lifting  rad.- 
23  ft) 

I  -  All 

II  -  All 

OS-1  Ill-Low  Vise. 

IV  -  All 

V  -  Low  Vise. 

IVF-I  thru  -V. 
INF-I  thru  -III, 
SNF  and  SVF: 

See  note  c. 
below 

380 

1  da 

011/water  sep. 

Pump-Pos.-Olspl . 
Pump-Centrl fugal 

114,000  l/hr 
(500  gpm) 
40,000  l/hr 
32,000  t/hr 

I  -  All 

II  -  All 

:  OS-3  Ill-Low  Vise. 

IV  -  All 

V  -  All 

All  IVF ,  INF.  SNF 
and  SVF: 

See  and  note  c. 
below 

86 

8  da 

Incinerator 

450  l/hr 
(Z  gpm) 

(Same  as 

OS-A  Sys.  OS-11 

(Same  as 

System  OS-1) 

570 

2  da 
(8-hr 

•a.) 

Land  cultivator 
(Llq.-Appllc.  Vac. 
Tank  Truck) 

Z700  t/mln 
(700  gpm) 

_ 

Notes: 

a.  Avoid  chipping  or  flame-cutting  where  volatile  chemicals  are  present  until 
they  are  removed  by  washing  operations. 

b.  Toxic  chemicals  must  be  removed  from  solid  debris  before  shipment  of  the 
Utter  In  open  trucks  or  bins  to  final  disposal. 

c.  For  highly  viscous  oils  and  floating  chemicals  product/water  separation  Is 
impractical.  For  these  and  low  temperature  solid  floaters  (ITSF),  transport 
to  an  off-site  disposal  facility,  or  to  System  OS-4,  is  recommended . 
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TABLE  49.  SUMMARY:  DEVELOPMENT  SCHEDULES  AND  COSTS 


System 

Development 
Time  (months) 

Development 
Labor 
(1.000  $) 

Initial 
Capital 
(1.000  $) 

Total 

Cost 

(1.000  $) 

Difficulties/ 

Remarks 

1 

21 

86 

523 

609 

Incinerator 
development 
(at-sea  use) 

2 

15 

55 

541 

595 

Portable  ramp 
and  ol 1/water 
separator 

4 

24 

101 

402 

503 

Pillow  tanks, 
donut,  tank 
truck 

7 

22 

87 

249 

336 

Process Ing/handl  ing 
of  fine  solids  on 
shore 

8 

24 

90 

962 

1,052 

Large  system;  over 

70  major  equipment 

1  terns 

9 

21 

,  89 

893 

962 

Hashing  equip¬ 
ment,  roll-off 
bins 

13 

21 

75 

504 

579 

Hashing 

equipment 

OS-1 

15 

53 

246 

299 

On-shore  oll/water 
separator  and 
associated  transport 

OS-3 

24 

98 

539 

637 

Incinerator 
development 
(on-shore  use) 

OS-4 

15 

.  61 

101 

162 

Essentially  a 
liquid  applicator 
truck,  plus  pumps 
and  storage 
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Existing  disposal  systems  for  oils  and  floating  chemicals 
were  evaluated  for  applicability  to  certain  groups  of  hazardous 
chemicals.  Limitations  to  such  applications  were  defined  as: 

•  Lack  of  safe,  environmentally  acceptable  on-site  disposal 
methods  for  highly  hazardous  materials 

•  Lack  of  adequate  vapor  containment  techniques  when  trans¬ 
ferring,  storing,  and  treating  materials  that  emit  hazar- 
ous  vapors 

•  Lack  of  effective,  1 ow-tempera ture  washing  techniques  for 
debris  contaminated  with  hazardous  chemicals. 

In  order  to  improve  handling  and  disposal  capability,  recom¬ 
mendations  are  made  for  modifications  of  existing  systems. 
Essentially,  these  include  improved  storage  for  volatile  and 
caustic  wastes,  and  enhanced  phase  se pa  ration.  Descriptions  of 
new  or  conceptual  equipment  and  systems  for  handling  hazardous 
spill  materials  are  included: 

•  Road-portable  hazardous  waste  incinerator 

•  Sea-going  hazardous  waste  incinerator 

•  Low-tempera ture  debr i s- wa s h i ng  technique 

•  Bulk  hazardous  solids  transport  container 

•  Oil/water  seal  for  hazardous  material  transport 

•  Field-sealable  debris  bags 

•  Nonsparking,  corrosion-resistant  crane  and  loader  buckets 

•  Portable  vapor  containment  system. 


APPENDIX  A 

DEFINITION  OF  5  GROUPS  FOR  15  OILS 
AND  18  MISCELLANEOUS  OILS 


GROUP  I 

Density  at  20°C  is  approximately  49  lb/ft3 
light  viscosity 

volatile  or  readily  combustible 

JP-1 

JP-3 

JP-5 

OIL:  FUEL:  NO.  1 
OIL:  FUEL:  NO.  1-D 
OIL:  RANGE 
KEROSENE 

GROUP  II 

Density  at  20°C  is  approximately  53  lb/ft3 
1 i ghter  vi scos  i  ty 

OIL:  CRUDE 
OIL:  DIESEL 
OIL:  FUEL:  NO.  2 
OIL:  FUEL:  NO.  2-D 
OIL:  ABSORPTION 
OIL:  LUBRICATING 
OIL:  MINERAL 
OIL:  MINERAL  SEAL 
OIL:  ROSIN 
OIL:  SPERM 
OIL:  TALL 
OIL:  SPINDLE 

GROUP  III 

Density  at  20°C  is  approximately  57  lb/ft3 
heavier  viscosity 

ASPHALT 
OIL:  CRUDE 
OIL:  FUEL:  NO.  4 
OIL:  FUEL:  NO.  5 
OIL:  FUEL:  NO.  6 
OIL:  MOTOR 

OIL:  NEATSFOOT  ESTER 
OIL:  RESIN  ESTER 
OIL:  ROAD 
OIL:  SPRAY 
OIL:  TANNER'S  ESTER 
OIL:  TRANSFORMER 
OIL:  PENETRATING 


GROUP  IV 

Density  at  20°C  is  approximately  47  lb/ft3 
low  viscosity 
hazardous,  flammable 

JP-4 
GROUP  V 

Density  at  20°C  is  approximately  57  lb/ft3 
high  viscosity 
hazardous,  flammable 

OIL:  COAL  TAR  -  AEROMATICS 


APPENDIX  B 

DEFINITION  OF  6  GROUPS  OF  167  OILS 
AND  FLOATING  CHEMICALS 

TABLE  B-l.  CHEMICAL  GROUP  DESCRIPTIONS 


I VF  -  Insoluble  Volatile 
Floater: 


INF  -  Insoluble  Non-Volatile 
Floater : 


S VF  -  Soluble  Volatile 
Floater: 


SNF  -  Soluble  Non-Volatile 
Floater: 


TF  -  Toxic  Floater: 

(Compounds  included  in 
this  set  may  also  appear 
in  other  sets) 

LTSF  -  Low  Temperature 
’’Solid’1  Floater: 


Solubility  below  0.01  lb/100  lb 
water  at  60  to  70°F. 

Volatility  indicated  as  a  poten¬ 
tial  fire /explosion  hazard  by 
the  CHRIS  data.  Flash  point 
below  1 00°F . 

Solubility  below  0.01  lb/100  lb 
water  at  60  to  70°F. 

Compounds  are  usually  combust¬ 
ible,  but  not  dangerously 
volatile. 

Compound  exhibits  some  signifi¬ 
cant  solubility  in  the  water 
phase  which  may  require  further 
treatment  following  removal  of 
f 1 oatabl es . 

Flash  point  below  100°F.  Poten¬ 
tial  fire  or  explosion  hazard 
indicated  by  CHRIS  data. 

Significant  solubility  in  the 
water  phase.  Compounds  are 
usually  combustible,  but  do  not 
represent  an  explosion  hazard 
under  normal  handling  conditions. 

CHRIS  data  indicates  requirements 
for  special  handling  considera¬ 
tions  due  to  toxic  nature  of  the 
compound . 

Oils  which  become  highly  viscous 
at  or  near  0°C. 

Polymeric  chemicals  which  become 
brittle  at  or  near  0°C. 

Chemicals  with  freezing  points  at 
or  near  0°C. 

All  materials  in  this  group 
present  a  need  for  special  trans¬ 
fer  equipment  in  scenarios 
exhibiting  cold  air  temperatures. 


TABLE  B-2.  SPECIFIC  OILS  AND  CHEMICALS 
WITHIN  EACH  GROUP 

-■-Q^ (See  Appendix  Table  B-l  for  key  to  compounds) 


IVF  5  37  56  72  99 

12  44  57  73  118 

13  51  58  77  136 

15  52  60  80  137 

31  53  61  93  139 

33  54  63  95  143 

36  55  69  96  144 

INF  8  30  67  92  108 

9  34  68  94  109 

10  35  71  97  110 

11  38  75  100  111 

21  39  76  101  112 

23  40  78  102  113 

25  41  79  103  114 

26  47  81  104  115 

27  48  89  105  116 

28  49  90  106  117 

29  50  91  107  119 

SVF  1  19  46  83  150 

4  20  65  87  154 

6  42  74  88  159 

14  43  82  142  160 

SNF  2  18  45  66  85 

7  22  59  70  86 

16  24  62  83  98 

17  32  64  84  140 

TF  1  7  22  82  140 

2  12  24  85  142 

3  19  43  88  150 

4  11  49  90  151 


146  155  (49  compounds; 

147  156 

148  163 

149  164 

151  165 

152  166 

153  167 

120  131  (75  compounds) 

121  132 

122  133 

123  134 

124  135 

125  138 

126  141 

127  157 

128  158 

129 
1  30 

161  (22  compounds) 

162 


145  (21  compounds) 


154  167  (25  compounds) 

156 

165 

166 


B-2 


TABLE  B-2  (continued) 


2 

25 

52 

116 

147 

3 

27 

68 

123 

151 

7 

29 

70 

135 

157 

9 

38 

81 

138 

163 

10 

40 

94 

140 

164 

12 

47 

104 

146 

167 

(30  compounds) 


INSOLUBLE  VOLATILE  FLOATERS 


IVF  -  oil  s 

77 

118 

IVF-  I 


5 

36 

52* 

57 

69 

96 

149 

13 

37 

53 

58 

72 

99 

153 

15 

44 

54 

60 

73 

136 

155 

31 

50 

55 

61 

80 

137 

33 

51 

56 

63 

95 

148 

IVF-II 


12* 

147* 

93 

151* 

139 

167* 

146 

TF 

156 

165 

166 

*Low  temperature  "solid"  floater: 
solidify  at  or  near  0°C . 


chemicals  which  tend  to 


TABLE  B-2  (continued) 


IVF-III 

152  163*  164* 


INSOLUBLE  NON-VOLATILE  FLOATERS 


INF  -  oils 


8 

100 

112 

117 

123 

128 

133 

75 

101 

113 

119 

124 

129 

134 

76 

102 

114 

120 

125 

130 

78 

110 

115 

121 

126 

131 

79 

111 

116 

122 

127 

132 

INF-I 

23  39 

26  40* 

29*  81 

30  158 

TF 

11 

49 

INF-II 


21 

28 

38 

67 

89 

94* 

141 

25 

34 

47* 

68* 

91 

97 

157 

27 

35 

48 

71* 

92 

135 

TF 

90 

INF-I  1 1 

9  103  106  109 

10*  104*  107  138 

41  105  108 

*Low  temperature  "solid"  floater:  chemicals  which  tend  to 
solidify  at  or  near  0°C. 
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TABLE  B-2  (continued) 


SOLUBLE  VOLATILE  FLOATERS 


SVF-I 

6 

87 

159 

TF 

1 

154 


SVF-II 

14 

65 

74 

TF 

4 

19 

150 


SVF-III 

42  161 

83  162 

160 

TF 

43  88 

82  142 


SNF-I 

18  59 

32  62 


SOLUBLE  NON-VOLATILE  FLOATERS 


64 

70* 

98 

66 

86 

SNF-II 


16 

45 

17 

140* 

SNF- 

III 

2* 

22 

84 

7* 

24 

85 

145 


*Low  temperature  "solid"  floater:  chemicals  which  tend  to 
solidify  at  or  near  0°C. 


B-5 

.1  _ _ 


TABLE  B - 3 .  KEY  TO  OILS  AND  CHEMICALS 
LISTED  IN  TABLE  R-2 


1 . 

Aery  1  on i t  r i  1  e 

49. 

2  -  E  t  h  y  1 -3-propylacrolein 

2. 

Adi poni tri  le 

50. 

Gas  oil:  Cracked 

3. 

A 1  d  r  i  n 

Gasolines: 

4  . 

A 1 1 y 1  alcohol 

51  . 

-  Automotive  (--4.23  g 

5. 

Amyl  acetate 

1  e  a  d  /  g  a  1  ) 

6. 

n-Amyl  alcohol 

52. 

-  Aviation  (^4.86  g  lead/ 

7. 

Aniline 

gal  ) 

8. 

Asphalt 

53  . 

-  Casinghead 

Asphalt  Blending  Stocks: 

54. 

-  Polymer 

9. 

-  Roofers  flux 

55. 

-  Straight  run 

10. 

-  Straight  run  residue 

Gasoline  blending  stocks: 

11  . 

Benza 1 dehyde 

56. 

-  Alkylates 

12. 

Benzene 

57  . 

-  Reformates 

13. 

Butadiene,  inhibited 

58. 

Heptane 

14. 

n- Butyl  acetate 

59. 

Heptanol 

15. 

sec-Butyl  acetate 

60. 

1-Heptene 

16. 

n-Butyl  acrylate 

61  . 

Hexane 

17. 

iso-Butyl  acrylate 

62. 

Hexanol 

18. 

n-Butyl  alcohol 

63. 

1 -Hexene 

19. 

tert-Butyl  hydroperoxide 

64  . 

Isoamvl  alcohol 

20. 

n-Butyra 1 dehyde 

65. 

Isobutyl  acetate 

21  . 

Camphor  oil 

66. 

Isobutyl  alcohol 

22. 

Creso 1 s 

67. 

Isodecal dehyde 

23. 

Cumene 

68. 

Isodecyl  alcohol 

24. 

Cyclohexanone 

69  . 

I sohexane 

25. 

Deca 1 dehyde 

70. 

I s  o  o  c  t  y 1  alcohol 

26. 

1 -Oecene 

71  . 

I sooc  t a  1 dehyde 

27  . 

n-Decyl  alcohol 

72. 

Isopentane 

28. 

Dibutyl  phthalate 

73. 

I  s  o  p  r  e  n  e 

29. 

Di eye  1  open  tad i ene 

74. 

Isopropyl  acetate 

30. 

Diethyl  benzene 

Jet  fuels: 

31  . 

Diethyl  carbonate 

75. 

-  OP- 1  ( Kerosene ) 

32. 

Di i sobu ty  1  ca  rb i no  1 

76. 

-  JP-3 

33. 

Di i sobutyl ene 

77  . 

-  JP-4 

34. 

Di octyl  adipate 

78. 

-  JP-5  (Kerosene,  heavy) 

35. 

Di octyl  phthalate 

79. 

Kerosene 

Distillates: 

80. 

Lauryl  mercaptan 

36. 

-  Straight  run 

81  . 

Linear  alcohols 

37  . 

-  Flashed  feed  stocks 

82. 

Methyl  acrylate 

38. 

Dodecano 1 

83. 

Methyl  amyl  acetate 

39. 

Dodecene 

84. 

Methyl  amyl  alcohol 

40. 

Dowt  herm 

85. 

Methyl  ethyl pyri d i ne 

41  . 

Epoxidized  vegetable  oils 

86. 

Methyl  i s  o  b  u  t  y 1  c  a  r  b i n  o 1 

42. 

Ethyl  acetate 

87  . 

Methyl  isobutyl  ketone 

43. 

Ethyl  acrylate 

88. 

Methyl  methacrylate 

44. 

Ethylbenzene 

89. 

Mineral  spirits 

45. 

Ethyl  butanol 

Naphtha : 

46. 

Ethyl  ether 

90. 

-  Coal  tar 

47. 

2-Ethyl  hexanol 

91  . 

-  Solvent 

48. 

Ethyl  hexyl  tal  late 

.92. 

93. 

-  Stoddard  solvent 

-  VM&P  (75%  naphtha) 

TABLE  3  (continued) 


94  . 

Nonano 1 

131  . 

-  T  a  1  1 

95. 

Nonene 

132. 

-  Tanner's 

96. 

1  -Nonene 

1  33. 

-  Road 

97. 

Nony 1 pheno 1 

134. 

-  Transformer 

98. 

Octanol 

135. 

Pentadacanol 

99. 

1 -Octene 

136. 

Pentane 

Oils: 

137. 

1 -Pentene 

100. 

-  Clarified 

138. 

Pe t  ro 1  a  turn 

101  . 

-  Crude 

139. 

Petroleum  naptha 

102. 

-  Diesel 

140. 

Phenol 

Oils,  edible: 

141  . 

Polybutene 

103. 

-  Castor 

142. 

n-Propyl  acetate 

104  . 

-  Cottonseed 

143. 

Propylene  butylene  polymer 

105  . 

-  Fish 

144. 

Propylene  tetramer 

106. 

-  Olive 

145. 

Styrene 

107. 

-  Peanut 

146. 

Tallow 

108. 

-  Soya  bean 

147. 

Tetradecanol 

109. 

-  Vegetable 

148. 

1-Tetradecene 

Oils,  fuel: 

149. 

Tetr a hvdronaphthalene 

110. 

-  No.  1  (Kerosene) 

150. 

Toluene 

111. 

-  No.  1-D 

151  . 

Toluene  2 , 4 -D i i socyana t e 

112. 

-  No.  2 

152. 

Tridecanol 

113. 

-  No.  2-0 

153. 

1 -Tridecene 

114. 

-  No.  4 

154. 

Tr i et  hy 1  ami ne 

115. 

-  No.  5 

155. 

Tri ethyl  benzene 

116. 

-  No.  6 

156. 

Turpentine 

Oils,  m  i  see  1 1  aneoti  s  : 

157. 

Undecanol 

117. 

-  Absorption 

158. 

1-Undecene 

118. 

-  Coal  tar 

1  59. 

Val era  1 dehyde 

119. 

-  Lubri cat i nq 

160. 

Vinyl  acetate 

120. 

-  Mineral 

161  . 

Vinyl  chloride 

121  . 

-  Mineral  seal 

162. 

Vinyltoluene 

122. 

-  Motor 

Waxes  : 

123. 

-  Neats  foot 

163. 

-  Carnauba 

124. 

-  Penetrating 

164. 

-  Paraffin 

125. 

-  Range 

165. 

o-Xy 1 ene 

126. 

-  Resin 

166. 

m-Xy 1 ene 

127. 

-  Rosin 

167. 

p-Xy 1 ene 

128. 

-  Sperm 

129. 

-  Spindle 

130. 

-  Spray 

R  -  7 


APPENDIX  C 


HAZARDOUS  CHEMICALS  INFORMATION 


HAZARDOUS  CHEMICALS 

Ca  tego  r  i  za  t  i  ori  of  the  compounds  on  the  hazardous  chemicals 
list  was  based  on  physical  parameters  relevant  to  behavior  in  the 
aquatic  environment  and  effects  on  human  toxicity  (exposure  by 
inhilation).  In  addition,  f 1 ammabi 1 i ty - vol a t i 1 i ty  is  taken  into 
account  by  use  of  the  flash  point  to  further  categorize  the  com¬ 
pounds.  Table  C-l  is  a  listing  of  the  17  defined  groups  of 
hazardous  chemicals.  Table  C-2  lists  the  compounds  included 
within  each  group. 

Solubility 

The  criterion  for  miscibility  here  is  one  percent  solubility, 
on  a  weight/weight  basis,  at  20°C  +  5°.  Therefore,  "miscibility" 
in  this  context  includes  chemicals  that  are  moderately  or  very 
soluble,  as  well  as  those  soluble  in  all  proportions  in  water  - 
the  strict  definition  of  miscible.  Given  the  proportions  of 
solute  and  water  that  will  generally  exist  in  the  spill  situa¬ 
tion,  it  is  reasonable  to  expect  most  of  the  spill  mass  to  be 
dissolved  if  it  is  soluble  to  the  extent  of  one  percent.  Unpre¬ 
dictable  variables  affecting  rate  and  extent  of  dissolution,  i.e., 
mixing,  temperature,  and  salinity,  are  not  included  in  the  solu- 
bi 1 i ty-miscibi 1 i ty  estimation  . 

Reactive  compounds  are,  in  most  cases,  placed  in  miscible 
categories.  Rates  of  reaction  are  usually  not  considered.  On 
the  other  hand,  certain  sinkers,  such  as  magnesium,  which  react 
very  slowly, will  not  be  designated  as  miscible,  since  these  com¬ 
pounds  do  not  solubilize  significantly  as  a  result  of  the  reac¬ 
tion. 


Though  solubility  in  the  CHRIS  Manual  is  considered  "not 
pertinent"  in  the  case  of  reactive  compounds,  there  are  reasons 
for  placing  these  compounds  in  the  miscible  category  when  con¬ 
sidering  disposal  options.  Several  compounds  are  miscible  by 
virtue  of  reactivity  with  water,  and  a  great  many  others  yield 
soluble  reaction  products.  In  many  cases,  the  soluble  reaction 
products, particul arly  HCI,  HBr,  and  HF,  are  of  primary  concern 
with  regard  to  the  caustic  and  toxic  behavior  of  the  spill 
material;  and  classification  of  the  parent  compound  as  miscible 
thus  recognizes  the  hazard  potential  of  the  form  in  which  the 
compound  will  be  handled  in  the  disposal  situation.  In  the  case 


of  most  of  the  unstable  organic  halides,  the  organic  moiety  will 
be  released  as  a  gas  or  floating  liquid  that  is  usually  less 
hazardous  than  the  hydrogen  halide.  In  some  reactions,  especially 
for  the  metal  compounds,  one  or  more  products  may  precipitate; 
an  example  is  lead  acetate  from  lead  tetracetate.  As  is  the  case 
for  certain  parent  compounds,  product  solubilities  can  vary 
widely  with  ambient  conditions.  It  is  anticipated  that  most 
precipitants  will  have  formed  prior  to  introduction  tn  the 
ha nd 1 i ng/d i sposa 1  operations.  However,  some  metallic  ompounds 
may  form  a  precipitate  and  can  create  problems  for  any  operation, 
from  containment  to  disposal. 

There  are  compounds  of  variable  composition  or  molecular 
weight,  such  as  polypropylene  glycol  (MW  200-2,000  cations), 
which  are  categorized  as  miscible.  Though, in  some  instances, 
they  will  behave  otherwise,  the  higher  members  of  a  polymeric 
series  will  generally  be  less  soluble. 

The  semiquanti tative  descriptor,  "slightly  soluble,"  is 
undefined  in  standard  reference  works,  but  is  generally  under¬ 
stood  to  encompass  the  range  of  0.1  -  1.0  weight  percent  solu¬ 
bility.  In  cases  where  the  only  solubility  data  found  was 
"slightly  soluble,"  this  assumption  is  made  and  the  compound  is 
placed  in  an  immiscible  category.  Exceptions  to  this  are  found 
among  some  of  the  compounds  placed  in  the  miscible  categories  on 
the  basis  of  reactivity. 

Density  and  Phase  Stat e 

The  criterion  for  floatability  is  a  specific  gravity  of 
less  than  1.0  at  standard  pressure, and  a  temperature  of  0°C.  The 
higher  density  of  sea  water  (specific  gravity  1.03)  is  not  con¬ 
sidered,  though  in  a  few  instances  it  may  be  a  factor  in  flo¬ 
tation.  CHRIS  compounds  of  variable  composition  do  not  cover  a 
large  range  of  density, and  there  is  usually  no  uncertainty  as 
to  their  c 1  a s s i f  i  ca t i on  as  floaters  or  sinkers.  Reactive  chemi¬ 
cals,  as  described  above,  are  mostly  classed  as  miscible,  though 
reaction  products  may  float  or  sink, or  both  [for  instance,  alkyl 
aluminum  complexes  yield  a  precipitate,  A1(0H)3,  and  a  floating 
alkane]. 

Those  liquid  chemicals  for  which  there  is  some  prospect 
of  a  temperature-dependent  phase  transition  during  post-spill 
opera t i o ns , f a  1 1  into  the  Low  Temperature  Solid  Sinker  (LTSS)  and 
Low  Temperature  Solid  Miscible  (LTSM)  classes.  These  chemicals 
have  freezing  points  above  0°C.  Solubility  or  phase  separation 
for  these  chemicals  are  unaffected  by  solidification,  but  the 
rates  of  dissolution  or  sinking  are  phase-dependent.  No  separate 
low  temperature  solid  floater  category  is  necessary. 


Gases  present  the  greatest  difficulty  in  classification 
because  their  behavior  is  dependent  on  ambient  conditions.  Those 
few  gases  that  are  highly  soluble,  such  as  anhydrous  ammonia, 
are  found  in  the  appropriate  miscible  grouping.  Though  they 
have  a  high  vapor  pressure,  these  gases  will  remain  largely  in 
solution  during  post-spill  operations.  Less  certain  is  the  dis¬ 
position  of  immiscible  gases,  which  have  been  split  into  two 
groups.  Gas  (G),  and  Dense  Gas  (DG).  The  criteria  for  a  "dense 
gas"  are  that  either  the  specific  gravity  of  the  condensed  ship¬ 
ping  state  exceeds  1.0,  or  the  vapor  specific  gravity  exceeds 
l.b,  or  both.  These  are  compounds  that  will  sink  and  boil, 
float  and  boil,  and/or  form  a  dense  vapor  cloud  under  proper 
condi tions  . 

Though  prospects  for  recovery  of  substantial  amounts  of 
these  compounds  presently  are  poor,  continuing  developmental 
efforts  in  collection  equipment  provide  justification  for  consi¬ 
dering  them  in  disposal  scenarios.  In  several  instances, the 
boiling  points  are  within  the  ambient  range  and  two  phases  are 
likely  to  exist,  allowing  partial  recovery.  "Knockdown"  sprays 
or  foams  may  retard  evaporation  to  the  extent  that  recovery  may 
be  substantial  despite  low  solubility.  Since  many  of  these 
chemicals  fit  both  the  liquid  and  gas  phase  density  criteria,  it 
is  quire  possible  that  they  could  persist  as  microbubbles  through 
recovery  operations,  particularly  if  the  water  bears  a  high  con¬ 
centration  of  suspended  particles  providing  adherent  surfaces. 

Those  gases  that  are  "light"  in  both  condensed  and  gas 
phases  (specific  gravity  less  than  1.0  and  vapor  density  less 
than  1.5),  will  disperse  readily  and  cannot  be  embraced  by 
any  disposal  option  for  recoverable  spills.  This  does  not  imply 
that  post-spill  amelioration  for  light  gases  can  be  neglected. 
Liquified  natural  gas  is  in  this  category,  and  is  commonly 
shipped  in  very  large  quantities.  The  gas  classification  simply 
indicates  that  no  existing  disposal  option  has  been  defined. 
Contained  gases  are  most  often  treated  for  any  incidental  con¬ 
tamination  ,and  are  used  as  a  re-graded  fuel  or  blending  stock. 

Vo  1  a  t i 1 i ty 

The  only  criterion  used  to  classify  these  compounds  with 
respect  to  volatility  and  flammability  parameters  is  the  flash 
point.  If  either  flash  point  (closed  cup  or  open  cup)  is  equal 
to  or  less  than  38°C  (100°F),  the  compound  is  classified  as 
volatile.  For  compounds  that  autoignite,  such  as  alkyl  aluminum 
complexes,  flash  point  is  undefined,  but  these  are  classed  as 
volatile.  While  it  is  true  that  the  measures  of  volatility  are 
more  strictly  understood  to  be  vapor  pressure  and  boiling  point, 
it  can  be  recognized  that  high  volatility  is  a  necessary  condition 
for  definable  flash  point.  Therefore,  those  chemicals  with  a 
flash  point  at  or  below  38°C  ( 1 0 0° F )  are  both  highly  volatile 
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and  highly  flammable.  Volatility  is  also  used  to  define  impli¬ 
citly  the  Gas  (G)  and  Dense  Gas  (DG)  groups,  regardless  of  flam¬ 
mability.  Thus,  nearly  all  compounds  with  a  high  vapor  pressure 
fall  into  one  of  several  gas  and  volatile  categories,  the  most 
notable  exception  being  highly  soluble  gases  such  as  anhydrous 
ammonia  (NH3).  Volatility  is  implicit  for  most  of  the  toxic 
chemicals  as  well,  insofar  as  threshold  limit  value  is  the  para¬ 
meter  defining  toxicity  in  this  study,  and  Tl V  is  most  often 
based  on  vapor  rather  than  solid  particulate  inhalation. 

C  a  u  s  t  i  c  i  ty 

Causticity  is  synonymous  with  corrosivity  in  its  usage 
in  this  study, and  is  based  almost  entirely  on  Reactivity  With 
Common  Materials,  identified  in  the  CHRIS  Manuals  (59).  Any 
compound  that  corrodes  metals  is  placed  in  a  caustic  category, 
including  those  active  only  as  aqueous  solutes.  Compounds  reac¬ 
tive  in  a  non-specific  way  towards  plastics  or  other  non-metals, 
are  also  classified  as  caustic.  Conversely,  compounds  showing  a 
specific  mechanism  of  interaction  limited  to  only  a  few  materials, 
and  unlikely  to  cause  even  light  damage  to  equ i pment,  are  non¬ 
caustic.  The  pasticizer  dissodecyl  phthalate  is  an  example. 
Compounds  yielding  corrosive  products  following  reaction  with 
water, and  compounds  that  are  only  mildly  corrosive,  but  which 
can  be  extremely  hazardous  nonetheless  by  virtue  of  their  cor¬ 
rosive  action,  are  deemed  caustic.  Azides,  for  instance,  can 
form  explosive  metal  complexes  in  pipes. 

Tissue  causticity  is  not  used  to  identify  caustic  chemicals, 
but  nearly  all  chemicals  in  the  caustic  groups  are  destructive 
of  human  tissue.  Naturally,  many  chemicals  noncorrosive  to 
common  materials  are  caustic  to  tissue,  and  one  must  refer  to 
CHRIS  data  on  individual  chemicals  to  identify  those  chemicals 
with  certainty.  T i s sue -cor ro s i ve  chemicals  that  present  a 
potential  inhalation  hazard  are  included  in  the  toxic  categories. 

Toxicity 

Toxicity  is  evaluated  for  the  CHRIS  compounds, and  for  the 
products  resulting  from  their  reaction  with  or  dissolution  in 
water.  Thus,  any  compound  likely  to  release  such  noxious  pro¬ 
ducts  as  phosphine.  Cl,  HCN,  H  2  ^ »  and  others  in  the  presence  of 
water, is  placed  in  a  toxic  group.  Generation  of  toxic  products 
through  fire,  explosion,  or  corrosive  activity  is  not.  considered 
on  the  assumption  that  proper  handling  methods  will  preclude 
their  release  to  the  environment.  The  bulk  of  CHRIS  chemicals 
should  be  considered  toxic  in  the  event  of  uncontrolled  combus¬ 
tion. 

A  Threshold  Limit  Value  (TLV)  of  100  ppm  or  less  is  the 
singular  criterion  of  toxicity  of  those  compounds  and  their  reac¬ 
tion  products  for  which  a  TIV  has  been  established.  Most  of  the 
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TLV's  are  t ime -we i gh ted  average  (TWA),  and  a  few  are  Short-Term 
Exposure  Limit  (STEL)  or  Ceiling  (C)  values.  No  distinction  has 
been  attempted,  provided  any  one  type  of  TLV  meets  the  criterion. 
TLV's  given  in  units  of  mg/cubic  meter,  referring  to  particulate 
exposures,  were  converted  to  ppm  using  the  subject  chemical  mole¬ 
cular  weight.  In  nearly  every  instance,  the  particulate  TLV's 
converted  to  less  than  100  ppm.  For  those  compounds  or  their 
products  for  which  a  TLV  has  been  set,  this  is  the  exclusive 
criterion. 

Chemicals  lacking  a  TLV  were  classified  on  the  basis  of 
one  or  more  of  several  hazard  ratings,  toxicology  data  bases, 
and  characterization  in  CHRIS,  including  recommendations  for 
personal  protective  equipment.  With  few  exceptions,  the  follow¬ 
ing  criteria  were  applied  in  the  order  indicated  to  establish 
toxicity: 

1.  (NAS)  National  Academy  of  Sciences  Vapor  Irritant 
rating  of  2  (moderate  irritation;  temporary  effect) 
or  above. 

2.  A  rating  in  N.I.  Sax,  Dangerous  Properties  of  Industri a  1 
Materials  (49),  of  2  (moderate  effect")  for  acute  expo¬ 
sure  via  i nha 1  a t  ion,  pro v i d  i  ng  either  local  or  systemic 
reactions.  Chronic  exposure  and  non-inhalation  exposure 
routes  were  not  considered. 

3.  A  rating  of  1  (slight  effect;  reversible)  in  either  the 
NAS  or  Sax  hazard  ra t i ng s,  comb i ned  with  a  stronger  indi¬ 
cator  of  toxicity.  These  suppl emen tary  criteria  include 

(a)  An  NAS  rating  of  2  or  greater  as  a  poison 
(intermediate  toxicity) 

(b)  Evidence  for  carcinogenicity  or  co -ca rc i nogen i c i ty 

(c)  Corrosive  action 

(d)  Short-term  inhalation  limits  set  at  500  ppm/30 
min  or  less 

(e)  CHRIS  Personal  Protective  Equipment  specifying 
any  form  of  respiratory  protection  more  stringent 
than  a  dust  mask  (self-contained  breathing  appara¬ 
tus,  air-supplied  mask,  organic  cannister  mask) 

(f)  Any  other  information  suggesting  that  a  rating  of 
1  may  underestimate  personal  hazard  risks. 

4.  For  those  compounds  lacking  specific  ratings,  a  rating 
of  2  or  greater  in  Sax  for  compounds  of  that  class. 
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generally  neglecting  exposure  route  but  considering 
only  acute  exposure.  For  example,  oxalates,  fluoborates, 
fluosilicates,  organic  peroxides  h  y  d r  a  z  i n e  s  a  n  d  hydrazine 
mercaptans,  and  silanes  range  from  moderately  to  extremely 
toxic, and  all  memt  rs  of  these  groups  from  the  CHRIS 
list  were  so  categorized.  The  Sax  ratings  were  corro¬ 
borated  using  several  other  sources. 

Clarification  of  the  methodology  applied  to  mixtures  and  to 
solids,  especially  salts,  is  useful.  Mixtures  are  toxic  if  any 
compound  present  in  appreciable  amounts  is  toxic.  In  some  cases, 
especially  for  gasolines  (see  "floaters"),  composition  is  too 
variable,  particularly  for  benzene  in  the  gasolines,  for  a  single 
Tl.V  to  be  applicable.  Generally,  criteria  other  than  TLV  could 
be  used  to  establish  the  most  prevalent  situation,  and  most 
CHRIS  mixtures  are,  in  fact,  nontoxic.  No  attempt  has  been  made 
to  consider  additive  or  synergistic  effects.  Witt)  regard  to 
solids,  there  may  be  some  question  as  to  the  appropriateness  to 
the  miscible  compounds  of  a  particulate  TIV  expressed  in  mg/cubic 
meter.  Compounds  such  as  acrylamide  (TIV  0.3  mg/m-M  are  so  acutely 
or  extremely  toxic  that,  despite  low  vapor  pressure,  they  are  a 
definite  hazard  in  either  dry  or  wet  form. 

Most  of  the  toxic  salts,  that  is,  heavy  metal  salts  or  salts 
w i t h  hazardous  anions,  are  not  nearly  so  acutely  toxic  a n d  m a y 
only  be  irritants  on  acute  exposure  via  inhalation.  These  are 
chemicals  for  which  a  dust  mask  is  recommended  for  exposure  to 
solid  forms.  Though  personal  risk  is  greatly  reduced  when  the 
toxic  salts  are  dissolved  or  submerged  in  water,  any  inorganic 
or  other  solid  compound  for  which  the  particulate  TIV  is  equiva¬ 
lent  to  100  ppm  or  less  is  classified  as  toxic.  lhis  categoriza¬ 
tion  recognizes  the  potential  hazard  solutions  of  these  compounds 
present,  should  they  be  sprayed,  vaporized  as  aerosols,  or  dried 
at  any  point  during  the  handling  and  disposal  scenarios. 

As  is  the  case  for  any  system  of  hazardous  substances  clas¬ 
sification,  the  "toxic"  designation  used  here  is  only  a  guide, 
and  no  fine  line  between  safe  and  hazardous  chemicals  or  concen¬ 
trations  is  intended.  Disposal  scenarios,  likewise,  cannot 
unambigously  be  fashioned  to  treat  "toxic"  or  "nontoxic"  com¬ 
pounds.  The  range  of  physiological  responses,  from  lacrymation, 
to  irreversible  central  nervous  system  disorders,  to  death,  is 
too  wide  to  allow  unequivocal  classification  in  all  circumstances. 

It  is  recognized  that  certain  substances  in  the  CHRIS  Manual  are 
considered  harmful  for  reasons  other  than  toxicity  (i.e.  -  propy¬ 
lene,  a  simple  asphyxiant).  The  present  classification  system 
attempts  to  establish  criteria  and  interpret  data  such  that  only 
those  compounds  for  which  there  is  some  health  risk  in  acute 
inhalation  exposure  have  been  identified  and  placed  in  a  toxic 
g  rou p . 


TABLE  C-l.  DEFINITION  OF  17  GROUPS  OF 
900  HAZARDOUS  CHEMICALS 


S.  -  Sinker 


JLi  -  Volatile  Sinker 


-  Toxic  Sinker 


TVS  -  Toxic  Volatile  Sinker 


TCS  -  Toxic  Caustic  Sinker 


TSS  -  Low  Temperature  Solid 
Si nker 

-  Miscible 


M  -  Caustic  Miscible 


M  -  Volatile  Miscible 


CM  -  Volatile  Caustic  Miscible 


Specific  gravity  >  1.00  at 
25°C  ♦  5°. 

Specific  gravity  ^  1.00  at 
25°C  +  5°.  Flash  point  (open  cup 
or  closed  cup)  <:  38°C  (100OF). 

Specific  gravity  >  1.00  at 
25°C  +_  5°.  Threshold  limit  value 
(TLV)  equivalent  to  100  ppm  or  less 
assigned,  or  other  indications  of 
mild  to  severe  toxic  or  irritating 
effects  on  humans. 

Specific  gravity  >  1.00  at 
25°C  ♦  5°.  TLV  100  ppm  or  other 
Indications  of  mTld  to  severe  toxic 
or  irritating  effects.  Flash  point 
(O.C.  or  C.C. )  f  38°C  ( 1 00° F ) . 

Specific  gravity  >  1.00  at 
25°C  +  5°.  Corrosive  towards 
common  construction  materials, 
generally  metals.  TLV  <  100  ppm  or 
other  indications  of  mild  to  severe 
toxic  or  irritating  effects. 

Specific  gravity  >  1.00  at  25°C  +  5°. 
Freezing  point  above  0°C  (  3  2 0  F  )  . 

Solubility  or  miscibility  greater 
than  M  (weight  solute/weight  water) 
in  pure  water  at  25°C  +  5°,  or 
chemical  reacts  with  water  to  form 
at  least  one  soluble  product. 

Soluble  in  or  reactive  with  water 
(see  Miscible).  Corrosive  towards 
common  construction  materials, 
generally  metals. 

Soluble  in  or  reactive  with  water 
(see  Miscible).  Flash  point  (O.C.  or 
C.C.  )  f  380C  (100OF). 

Soluble  in  or  reactive  with  water 
(see  Miscible).  Flash  point  (O.C.  or 
C.C.)  <  380C  ( 1 00° F ) .  Corrosive 
towards  common  construction  materials 
gene ra 1 ly  metals. 


TABLE  C-l  (continued) 

TM.  -  Toxic  Miscible  Soluble  in  or  reactive  with  water 

(see  Miscible).  TLV  <  100  ppm  or 
other  indications  of  toxic  or 
i rri tati ng  effects  . 

T CM  -  Toxic  Caustic  Miscible  Soluble  in  or  reactive  with  water 

(see  Miscible).  TLV  <  100  ppm  or 
other  indications  of  toxic  or 
irritating  effects.  Corrosive 
towards  common  construction 
materials  generally  metals. 

TVM  -  Toxic  Volatile  Miscible  Soluble  in  or  reactive  with  water 

(see  Miscible).  TLV  <  100  ppm  or 
other  idications  of  toxic  or 
irritating  effects.  Flash  point 
(O.C.  or  C.C.  )  <  38°C  (100°F). 

Soluble  in  or  reactive  with  water 
(see  Miscible).  TLV  «=  100  ppm 
or  other  indications  of  toxic  or 
irritating  effects.  Flash  point 
(O.C.  or  C.C.  )  <  380  C  (100®F). 
Corrosive  towards  common  construction 
materials,  generally  metals. 

LTSM  -  Low  Temperature  Solid  Soluble  in  or  reactive  with  water 

Miscible  (see  Miscible).  Freezing  point 

above  0°C  (32©F)  . 

G  -  Gas  Boiling  point  below  25°C  (77°F). 

Vapor  specific  gravity  (air)  below 
1.50.  Specific  gravity  (water) 
of  shipping  state,  solid,  liquid, 
or  compressed  gas,  below  1.00. 

May  be  toxic  or  volatile,  that  is 
TLV  <100  ppm  or  flash  point  < 

38°t  (100°F),  as  indicated  for 
each  compound. 

QG  -  Dense  Gas  Boiling  point  below  25°C  (77°F). 

Vapor  specific  gravity  (air)  1.50 
or  specific  gravity  (water)  of 
shipping  state,  solid,  liquid,  or 
compressed  gas,  >■  1.00.  May  be 
toxic  or  volatile,  that  is  TLV 
100  ppm  or  flash  point  ^  38°C  (T00°F), 
as  indicated  for  each  compound. 


TVCM  -  Toxic  Volatile  Caustic 
Miscible 


TABLE  C-2  .  HAZARDOUS  CHEMICAL  GROUPS 


GROUPS* 


s 

79 

107 

170 

200 

437 

719 

836 

92 

109 

172 

231 

499 

753 

837 

93 

114 

177 

238 

532 

800 

841 

94 

125 

178 

240 

614 

806 

851 

96 

127 

185 

311 

706 

834c 

890 

vs 

232 

283 

TS 

13 

166 

234 

293 

453 

553 

716 

20 

168 

237 

295 

482 

586 

758 

28 

171 

243 

300 

518 

592 

760 

85 

189 

252 

324 

521 

598 

762 

87 

190 

258 

329 

524 

600 

763 

90 

195 

259 

331 

528 

607 

791 

95 

201 

267 

332 

536 

617 

81 1 

104 

204 

272 

333 

537 

618 

812 

119 

206 

277 

334 

539 

619 

819 

123 

208 

278 

340 

542 

625 

838 

126 

209 

279 

342 

544 

688 

850 

135 

213 

280 

343 

545 

691 

868 

136 

226 

286 

361 

546 

712 

885 

156 

229 

287 

451 

548 

715 

889 

897 

TCS 

74 

110 

130 

520 

826 

105 

113 

131 

523 

106 

115 

253 

698 

108 

116 

281 

825 

TVS 

23 

289 

392 

833 

25c 

290 

605 

835 

271 

383 

707 

873 

288 

384c 

824 

7 

506c 

620t 

2 1  5 1 

534t 

689t 

391 1 

566 1 

882t 

457  tc 

579 1 

(35  compounds) 


(2  compounds) 
(99  compounds) 


(17  compounds) 

(15  compounds) 

(11  compounds) 


★ 

See  Appendix  Table  C-l  for  key  compounds. 
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TABLE  C-2  (continued) 


M 

18 

53 

174 

21 

54 

180 

29 

58 

183 

30 

59 

224 

33 

61 

233 

34 

63 

235 

35 

66 

236 

37 

67 

268 

39 

68 

285 

43 

111 

301 

46 

117 

302 

47 

118 

303 

49 

158 

304 

50 

161 

305 

51 

162 

306 

52 

173 

337 

CM 

179 

244 

732 

198 

452 

764 

199 

713 

773 

218 

730 

784 

VM 

1 

352 

396 

4 

372 

404 

146 

375 

501 

147 

395 

502 

VCM 

624 

TM 

5 

99 

216 

12 

100 

219 

16 

101 

220 

22 

112 

221 

31 

121 

222 

38 

124 

225 

40 

128 

227 

41 

129 

228 

42 

148 

239 

45 

149 

245 

48 

150 

247 

55 

163 

251 

56 

164 

269 

57 

165 

273 

60 

167 

284 

62 

169 

292 

65 

175 

297 

77 

176 

307 

82 

181 

317 

84 

182 

319 

86 

184 

321 

88 

191 

323 

89 

197 

378 

97 

205 

387 

98 

212 

388 

345 

450 

765 

810 

353 

458 

766 

817 

354 

459 

771 

827 

355 

463 

772 

840 

356 

513 

775 

847 

357 

514 

780 

855 

358 

530 

781 

864 

367 

535 

782 

869 

370 

552 

787 

883 

371 

683 

789 

884 

373 

684 

790 

887 

394 

693 

792 

891 

399 

719 

793 

892 

411 

720 

794 

893 

431 

724 

796 

896 

440 

743 

798 

785 

803 


554 

621 

866 

557 

739 

569 

740 

571 

822 

393 

522 

686 

776 

397 

533 

690 

777 

398 

538 

701 

778 

400 

540 

703 

788 

401 

541 

704 

809 

414 

547 

709 

818 

420 

560 

721 

848 

421 

570 

722 

853 

424 

574 

723 

861 

427 

577 

725 

862 

428 

581 

726 

863 

429 

591 

727 

865 

430 

593 

728 

886 

435 

602 

731 

888 

438 

603 

735 

894 

439 

604 

745 

895 

449 

606 

750 

899 

478 

608 

751 

900 

479 

609 

752 

480 

610 

757 

481 

611 

759 

483 

612 

761 

498 

613 

767 

503 

617 

768 

517 

626 

769 

(ill  compounds ) 


(14  compounds) 


(21  compounds) 


(1  compound) 
(169  compounds) 
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TABLE  C-2  (continued) 


TOM  9 

157 

417 

475 

616 

733 

805 

(80  compounds) 

27 

202 

423 

476 

623 

737 

816 

36 

203 

425 

489 

628 

73S 

820 

44 

214 

426 

519 

6S5 

754 

828 

76 

217 

432 

529 

696 

755 

831 

78 

230 

433 

531 

697 

756 

856 

83 

310 

434 

543 

702 

770 

867 

120 

326 

461 

558 

705 

774 

898 

122 

341 

469 

565 

708 

786 

132 

359 

470 

580 

710 

801 

133 

415 

472 

587 

711 

802 

134 

416 

473 

615 

729 

804 

TVM  3 

159 

320 

402 

490 

578 

832 

(48  compounds) 

6 

160 

327 

403 

549 

584 

845 

8 

207 

330 

405 

556 

627 

849 

14 

210 

344 

412 

563 

736 

852 

70 

241 

362 

474 

572 

744 

870 

145 

254 

374 

486 

573 

746 

874 

152 

309 

389 

487 

575 

749 

TV CM  10 

153 

377 

568 

876 

(17  compounds) 

17 

211 

385 

583 

26 

322 

420 

839 

64 

376 

462 

854 

LTSM  2tc 

139 

296 

366 

467tc 

717c 

(24  compounds) 

1 5 1 

140 

316t 

368 

46Stc 

7S3tc 

SOtc 

ISSt 

328 

369 

589 1 

799 

81  tc 

250t 

338tv 

436 

590t 

844 

G  11 

471v 

662 

(11  compounds) 

194 1 

477 1 

687 

364v 

526v 

82  It 

386v 

551  v 

OG  192 

282 

527 

629 

(16  compounds) 

1 93  tv 

291 1 

562t 

734v 

246t 

484  tv 

564t 

741  v 

24St 

488t 

588 

871  tv 

Notes :  t  - 

toxic 

v  -  volatile 
c  -  caustic 
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TABLE  C-2.  CHRIS  CHEMICALS 


Chemical  Name 

Chris 

Code 

Chemical  Name 

Chris 

Code 

1. 

Ac  eta  1 dehyde 

AAD 

47. 

Ammonium  Lauryl  Sulfate 

ALS 

2. 

Acetic  Acid 

AAC 

48. 

Ammonium  Molybdate 

AMB 

3. 

Acetic  Anhydride 

ACA 

49. 

Ammonium  Nitrate 

AMN 

4. 

Acetone 

ACT 

50. 

Ammonium  Nitrate  - 

5. 

Acetone  Cyanohydrin 

ACY 

Carbonate  Mix 

ANC 

6. 

Aceton i t  r  i  1  e 

ATN 

51. 

Ammonium  Nitrate  - 

7. 

Acetophenone 

AC  P 

Phosphate  Mix 

ANP 

8. 

Acetyl  acetone 

ATA 

52. 

Ammonium  Nitrate  - 

9. 

Acetyl  Bromide 

ABM 

Sulfate  Mix 

ANS 

10. 

Acetyle  Chloride 

ACC 

53. 

Ammonium  Nitrate  - 

11. 

Acetyl ene 

ACE 

Urea  Solution 

ANU 

12. 

Acetyl  Peroxide 

54. 

Ammonium  Oleate 

AOL 

Sol ution 

APS 

55. 

Ammonium  Oxalate 

AOX 

13. 

Acridine 

ACD 

56. 

Ammonium  Pentaborate 

APB 

14. 

Acrolein 

ARL 

57  . 

Ammonium  Perchlorate 

AMP 

15. 

Acryl ic  Acid 

ACR 

58. 

Ammonium  Persulfate 

APE 

16. 

Aery  1  ami de 

AAM 

59. 

Ammonium  Phosphate 

APP 

17. 

Acryloni tri  le 

ACN 

60. 

Ammonium  S i  1  i cof 1 uor i de 

ASL 

18. 

Adapic  Acid 

ADA 

61 . 

Ammonium  Stearate 

AMR 

19. 

Ad i poni t r i 1 e 

AON 

62. 

Ammonium  Sulfamate 

ASM 

20. 

A1 dr  i  n 

ALD 

63. 

Ammonium  Sulfate 

AMS 

21. 

Alkylbenzenesulfonic 

64. 

Ammonium  Sulfide 

ASF 

Acids 

ABS 

65. 

Ammonium  Sulfite 

AMF 

22. 

Allyl  Alcohol 

ALA 

66. 

Ammonium  Tartrate 

ATR 

23. 

Allyl  Bromide 

ABR 

67. 

Ammonium  Thiocyanate 

AMT 

24. 

Allyl  Chloride 

ALC 

68. 

Ammonium  Thiosulfate 

ATF 

25. 

A 1 1 y 1 c  hi orof orma  te 

ACF 

69. 

Amyl  Acetate  (N-) 

AML 

26. 

Allyl  Tr ichl oros i 1 ane 

ATC 

70. 

Amyl  Alcohol  (N-) 

AAN 

27. 

Aluminum  Chloride 

ACL 

71. 

Amyl  Chloride  (N-) 

AMY 

28. 

Aluminum  Fluoride 

ALF 

72. 

Amyl  Mercaptan  (N-) 

AMM 

29. 

Aluminum  Nitrate 

ALN 

73. 

Amyl  Methyl  Ketone  (N-) 

AMK 

30. 

Aluminum  Sulfate 

ALM 

74. 

Amyl  nitrate  (N-) 

ANT 

31. 

Aminoethanolamine  (N-) 

AE  A 

75. 

Amyl  Nitrite  (ISO) 

ANI 

32. 

Ammonia  Anhydrous 

AMA 

76. 

Amyl tri chi oros i lane  (N-) 

ATS 

33. 

Ammonium  Acetate 

AAT 

'  77. 

Aniline 

ANL 

34. 

Ammonium  Benzoate 

ABZ 

78. 

Anisoyl  Chloride 

ASC 

35. 

Ammonium  Bicarbonate 

ABC 

79. 

Anthracene 

ATH 

36. 

Ammonium  Bifluoride 

ABF 

80. 

Antimony  Pentachlor ide 

APC 

37. 

Ammonium  Carbonate 

ACB 

81. 

Antimony  Pen ta f 1 uor i de 

APF 

38. 

Ammonium  Chloride 

AMC 

8Z . 

Antimony  Potassium 

39. 

Ammonium  Citrate 

AC  I 

Tartrate 

APT 

40. 

Ammonium  Dichromate 

AMD 

83. 

Antimony  Trichloride 

ATM 

41. 

Ammonium  Fluoride 

AFR 

84. 

Antimony  Trifluoride 

ATT 

42. 

Ammonium  Formate 

AFM 

85. 

Antimony  Tri ox ide 

ATX 

43. 

Ammonium  Gluconate 

AGC 

86. 

Arsenic  Acid 

ASA 

44. 

Ammonium  Hydroxide. 

87. 

Arsenic  Sulfide  (01) 

ARD 

28  Percent  Aq. 

AMH 

88. 

Arsenic  Trichloride 

AST 

45. 

Ammonium  Iodide 

AID 

89. 

Arsenic  Tr i or ide 

ATO 

46. 

Ammonium  Lactate 

ALT 

90. 

Arsenic  Trisulfide 

ART 

CHRIS  CHEMICALS  (continued) 


Chris 

Chris 

Chemical  Name 

Code 

Chemical  Name 

Code 

91. 

Asphal t 

ASP 

130. 

Boron  Trichloride 

BRT 

92. 

Asphalt  Blending 

131. 

Boron  Tribromide 

BTB 

Stocks:  Roofers  Flux 

ARF 

132. 

Bromi ne 

BRX 

93. 

Asphalt  Blending 

133. 

Bromine  Pentaf 1 uoride 

BPF 

Stocks:  Straight  Run 

134. 

Bromine  Tri fluoride 

BTF 

Residue 

ASR 

135. 

Bromobenzene 

BBZ 

94. 

Atrazine 

ATZ 

136. 

Brucine 

BRU 

95. 

AZM 

137. 

Butadiene  Inhibited 

BDI 

96. 

Bapium  Carbonate 

BRC 

138. 

Butane 

BUT 

97. 

Barium  Chlorate 

BCR 

139. 

1 . 4-Butanediol 

BDO 

98. 

Barium  Nitrate 

BNT 

140. 

1 . 4-Butenediol 

BUD 

99. 

Barium  Perchlorate 

BPC 

141. 

Butyl  Acetate  (N-) 

BCN 

100. 

Barium  Permanganate 

BPM 

142. 

Butyl  Acetate  (Sec-) 

BT  A 

101. 

Barium  Peroxide 

BP0 

143. 

Butyl  Acrylate  (Iso-) 

BA  I 

102. 

Benzaldehyde 

BZD 

144. 

Butyl  Acrylate  (N-) 

BTC 

103. 

Benzene 

BNZ 

145. 

Butyl  Alcohol  (N-) 

BAN 

104. 

Benzene  Hexachloride 

BH0 

146. 

Butyl  Alcohol  (Sec-) 

BAS 

105. 

Benzene  Phosphorus 

147. 

Butyl  Alcohol  (Tert-) 

BAT 

D  i  c  h  1  o  r  i  d  e 

BPD 

148. 

Butyl  amine  (N-) 

BAM 

106. 

Benzene  Phosphorus 

149. 

Butylamine  (Sec-) 

BTL 

Thiodichloride 

BPT 

150. 

Butylamine  (Ter-) 

BUA 

107  . 

Benzoic  Acid 

BZA 

151. 

Butyl ene 

BTN 

108. 

Benzoni tr i 1 e 

BZN 

152. 

1.2-Butylene  Oxide 

BTO 

109. 

Benzophenone 

BZP 

153. 

Butyl  Hydroperoxide 

110. 

Benzoyl  Chloride 

BZC 

( Ter t- ) 

BHP 

111. 

Benzyl  Alcohol 

BAL 

154. 

Butyl  Mercaptan  (N-) 

BTM 

112. 

Benzyl  ami ne 

BZM 

155. 

Butyl  Methacrylate  (N- 

)  BMN 

113. 

Benzyl  Bromide 

B3R 

156. 

Butylphenol  (P-Tert-) 

BTP 

114. 

Benzyl  N-Butyl 

157  . 

Butyltrichloro silane 

BCS 

Phthalate 

BBP 

158. 

1 . 4-Butynediol 

BTD 

115. 

Benzyl  Chloride 

BCL 

159. 

Butyral dehyde  (N-) 

BTR 

116. 

Benzyl  Ch 1 orof orma te 

BCF 

160. 

Butyra 1 dehyde  (Iso-) 

BAD 

117. 

Benzyl dimethylocta- 

161 . 

Butyric  Acid  (N-) 

BRA 

Decylammonium 

162. 

Cacodylic  Acid 

CDA 

Chloride 

BZO 

163. 

Cadmium  Acetate 

CAT 

118. 

Benzyl tri me thy  lam- 

164. 

Cadmium  Bromide 

CMB 

monium  Chloride 

BMA 

165. 

Cadmium  Chloride 

CDC 

119. 

Beryl  1 ium  Metal  1 ic 

BEM 

166. 

Cadmium  Fluoborate 

CFB 

120. 

Beryl  1 ium  Chloride 

BEC 

167. 

Cadmium  Nitrate 

CMN 

121. 

Beryllium  Fluoride 

BEF 

168. 

Cadmium  Oxide 

COX 

122. 

Beryl  1 i urn  Nitrate 

BEN 

169. 

Cadmium  Sulfate 

CMS 

123. 

Beryl  1 ium  Oxide 

BEO 

170. 

Calcium  Metallic 

CAM 

124. 

B.eryllium  Sulfate 

BES 

171. 

Calcium  Arsenate 

CCA 

125. 

Bismuth  Oxychoride 

BOC 

172. 

Calcium  Carbide 

CCB 

126. 

Bisphenol  A 

BPA 

173. 

Calcium  Chlorate 

CCC 

127. 

Bisphenol  A  Diglycidyl 

174. 

Calcium  Chloride 

CLC 

Ether 

BDE 

175. 

Calcium  Chromate 

CCR 

128. 

Boiler  Compount  - 

176. 

Calcium  Cyanide 

CCN 

Liquid 

BCP 

177. 

Calcium  Fluoride 

CAF 

129. 

Boric  Acid 

BAC 

178. 

Calcium  Hydroxide 

CAH 

CHRIS  CHEMICALS  (continued) 


Chemical  Name 

Chris 

Code 

Chemical  Name 

Chris 

Code 

179. 

Calcium  Hypochlorite 

CHY 

226. 

Copper  Arseni te  (1C) 

CPA 

180. 

Calcium  Nitrate 

CNT 

227  . 

Copper  Bromide  ( I C ) 

CPB 

181. 

Calcium  Oxide 

CAO 

228. 

Copper  Chloride  (IC) 

CPC 

182. 

Calcium  Peroxide 

CCP 

229. 

Copper  Cyanide  (OUS) 

CCY 

183. 

Calcium  Phosphate 

CAL 

230. 

Copper  Fluoborate  (IC) 

CPF 

184. 

Calcium  Phosphide 

CPP 

231  . 

Copper  Iodide  (OUS) 

C1D 

185. 

Calcium  Resinate 

CRE 

232. 

Copper  Napthenate  (IC) 

CNN 

186. 

Camphene 

CPH 

233  . 

Copper  N i tra te  ( I  C ) 

CN1 

187. 

Camphor  (oil) 

CPO 

234  . 

Copper  Oxalate  (IC) 

COL 

188. 

Caprolactam  (Solution) 

CL  S 

235. 

Copper  Sulfate  (IC) 

CSF 

189. 

C  a  p  t  a  n 

CPT 

236. 

Corn  Syrup 

CSY 

190. 

Ca  rba  ry 1 

CBY 

237  . 

Coumaphos 

COU 

191. 

Carbol ic  Oil 

CBO 

238. 

Creosote  Coal  Tar 

CCT 

192. 

Carbon  Dioxide 

CDO 

239. 

Cresol s 

CRS 

193. 

Carbon  Disulfide 

CBB 

240. 

Cresyl  Glycidyl  Ether 

CGE 

194. 

Carbon  Monoxide 

CMO 

241  . 

Crotona 1 dehyde 

CTA 

195. 

Carbon  Tetrachloride 

CBT 

242. 

Cumene 

CUM 

196. 

Ca  rene 

CAR 

243. 

Cumene  Hydroperoxide 

CMH 

197  . 
198. 

Catechol 

Caustic  Potash. 

CTC 

244. 

Cupriethylenediamine 

Solution 

CES 

Solution 

CPS 

245. 

C vanoace t i c  Acid 

CYA 

199. 

Caustic  Soda  Solution 

CSS 

246. 

Cyanogen 

CYG 

200. 

Charcoa 1 

CHC 

247. 

Cyanogen  Bromide 

CBR 

201. 

Chi ordane 

CON 

248. 

Cyanogen  Chloride 

CCL 

202. 

Chlorine 

CL  X 

249. 

Cyc 1 ohexane 

CHX 

203. 

Chlorine  Trifluoride 

CTF 

250. 

Cyc 1 ohexa  no  1 

CHN 

204. 

Chloroacetophenone 

CRA 

251 . 

Cyc 1 ohexanone 

CCH 

205. 

Chloroacetyl  Chloride 

CAC 

252. 

Cyclohexanone  Peroxide 

CHP 

206. 

Chi oroan i 1 i ne  ( P- ) 

CAP 

253. 

Cyclohexanyltrichloro- 

207  . 

Chi orobenzene 

CRB 

silane 

CHT 

208. 

4-Chlorobutyronitri  le 

CBN 

254. 

Cyc 1 ohexy 1  ami ne 

CHA 

209. 

Chi oroform 

CRF 

255. 

Cyc 1 openta  ne 

CYP 

210. 

Chlorohydrin  (Crude) 

CHD 

256. 

Cyc 1 opropane 

CPR 

211. 

Chloromethyl  Methyl 

257  . 

Cymene  (P-) 

CMP 

Ether 

CME 

258. 

2.4-D  (Ester*) 

DES 

212. 

Chlorophenol  (P-) 

CPN 

259. 

DDD 

DDD 

213. 

Chloropicrin  (Liquid) 

CPL 

260. 

DDT 

DDT 

214. 

Chi orosul fonic  Acid 

NCSA 

261 . 

Deca  borane 

DBR 

215. 

4-Chloro-O-Toluidine 

CTD 

262. 

Decahydronaphtalene 

DHN 

216. 

Chromic  Anhydride 

CMA 

263. 

Deca 1 dehyde 

DAL 

217. 

Chromyl  Chloride 

CMC. 

264. 

1  -Decene 

DCE 

218. 

Citric  Acid 

CIT 

265. 

Decyl  Alcohol 

DAN 

219. 

Cobalt  Acetate  (0US) 

CB  A 

266. 

Decyl benzene  (N- ) 

DBZ 

220. 

Cobalt  Chloride  ( 0US ) 

CBC 

267. 

Demeton 

DTN 

221. 

Cobalt  Nitrate  (OUS) 

CON 

268. 

Dextrose  Solution 

OTS 

222. 

Cobal t  Sul  fate  (OUS) 

CBS 

269. 

Diacetone  Alcohol 

DAA 

223. 

Collodion 

CLD 

270. 

Di-N-Amyl  Phthalate 

DAP 

224. 

Copper  Aceta  te  (1C) 

COP 

271 . 

Diazinon 

D2N 

225. 

Copper  Acetoarseni te 

272. 

Dibenzoyl  Peroxide 

DPO 

UC) 

CAA 

27  3  . 

Di  N- Butyl  amine 

DBA 

C-14 


CHRIS  CHF.MICAIS  (continued) 


Chemical  Name 

Chris 

Code 

Chemical  Name 

Chris 

Code 

2  7  A . 

Di  -  N-  Bu  ty 1  Ether 

DBE 

311  . 

Diheptyl  Phthalate 

DHP 

275. 

Di  - N-  Bu  ty 1  Ketone 

DBK 

312. 

D i  i  sobu ty 1 ca rb i nol 

DBC 

276. 

Di  butyl pheno 1 

DBT 

313. 

Di  i  sobuty 1 ene 

DBL 

277  . 

Di  butyl  Phthalate 

DP  A 

314. 

Pi  i  sobutyl  Ketone 

DI  K 

2  78. 

Dichlorobenzene  (0-) 

DBO 

315. 

Diisodecyl  Phthalate 

DID 

279. 

D i c h 1 oro benzene  (P-) 

DBP 

316. 

Di  isopropanolamine 

DIP 

280. 

Di-(p-Chlorobenzoyl ) 

317. 

Di  i  sopropy 1  ami ne 

DI  A 

Peroxide 

DZP 

318. 

D i  l  sopropy 1  benzene 

281 . 

0  i  c  h 1 o  robu  tene 

OCB 

Hydroperoxide 

DI  H 

282. 

Oi  c  h 1 orod ifluoro- 

319. 

D  i  me t hy 1  ace tami de 

DAC 

me  thane 

DCF 

320. 

Dimethyl  ami ne 

DMA 

283  . 

1 ,2-Dichloroethylene 

DEL 

321 . 

Dimethyl  Ether 

DIM 

284. 

Di  c hi oroe thy 1  Ether 

DEE 

322. 

D ime thy  1 d i chi oros i 1 ane 

DMD 

2S5. 

Diehl orome  t  ha  ne 

DCM 

323. 

Dimethyl formamide 

DMF 

286. 

2 . 4 - D i c h 1 oropheno 1 

OCP 

324  . 

Dimethyl  hexane  Di  hydro¬ 

287. 

2.4-0ichlorophenoxy- 

peroxide.  Wet 

DOW 

acetic  Acid 

DCA 

325. 

D  i  me  t  hy 1 p  o 1 y  s i 1 o  x  a  n e 

DMP 

288. 

Dichloropropane(1.2-) 

DPP 

326. 

D i me  thy  1  Sulfate 

OS  F 

289. 

Diehl oropropene 

DPR 

327  . 

Oi methyl  Sulfide 

DSL 

290. 

4.4-Dichloro-Alpha- 

328. 

Dimethyl  Sulfoxide 

DMS 

Tr i chi orome thy  1  - 

329. 

Dimethyl  Terephthal ate 

DMT 

Benzhydrol 

DTM 

330. 

Dimethyl z inc 

DMZ 

291 . 

1.2-Difl uoroethane 

DFE 

331. 

Di  ni  trobenzene  ( M- ) 

DNB 

292. 

1.2-Dimethyl hyd  ra  z i ne 

DMH 

33  2. 

Di  ni trocresol s 

DNC 

293. 

2. 4-Dini troani 1 ine 

DNT 

33  3  . 

2 . 4- Di n i trophenol 

294. 

Di  eye  1 opentad i ene 

DPT 

Di  i  socyanate 

DNP 

295. 

D  i  e  1  d  r  i  n 

DED 

334  . 

2. 4-Dinit  rotoluene 

DTT 

296. 

Diethanolamine 

DEA 

335. 

Dioctyl  Adipate 

DOA 

297  . 

Di  e t hy 1  ami ne 

DEN 

336. 

D i oc  ty  1  Ph  t  ha  1  a  te 

DOP 

29S. 

D  i  ethyl  benzene 

DEB 

337. 

Pioctyl  Sodium 

299. 

Diethyl  Carbonate 

DEC 

Sul fosuccinate 

DSS 

300. 

Diethyl  Ph t ha  1  a t e 

OPH 

338. 

Dioxane  ( 1 .  4 -  ) 

DOX 

301 . 

Di  ethylene  Glycol 

DEG 

339. 

Dipentene 

DP  N 

302. 

Diethylene  Glycol 

340. 

Di  phenyl  ami ne 

DAM 

Dimethyl  Ether 

DGD 

341 . 

Di  pheny 1 d i ch i 1 oros i 1 ane 

DPD 

303. 

Diethyl ene  Glycol 

342. 

Diphenyl  Ether 

DPE 

Monobutyl  Ether 

DME 

343  . 

Di  pheny 1  methane  Diiso¬ 

304  . 

Diethylene  Glycol 

cyanate 

DPM 

Monobutyl  Ether 

344  . 

Di  -N- Propyl  amine 

DN  A 

Aceta  te 

DEM 

345. 

Dipropylene  Glycol 

PPG 

305. 

Diethylene  Glycol 

346. 

Distillates:  FI  ashed 

Monoethyl  Ether 

DGE 

Feed  Stocks 

OFF 

306. 

Diethylene  Glycol 

34  7  . 

Distillates:  Stra i ght 

Monomethyl  Ether 

DGM 

Run 

DSR 

307. 

D  i  e  t hy 1 ene  tr i am i ne 

DET 

348. 

Dodecanol 

PDN 

308. 

0 i - ( 2- E thy  1  hexyl  ) 

349. 

1  -  Dodecene 

DDC 

Phosphoric  Acid 

DEP 

3  50. 

Dodecene 

DOD 

309. 

Di e  thy  1 z i nc 

DEZ 

351 . 

Dodecy 1  benzene 

DDB 

310. 

Di  f 1 uorophosphor  i  c 

352  . 

Dodecy 1 benzenesul fonic 

Acid.  Anhydrous 

DF  A 

Acid.  Calcium  Salt 

DCS 

CHRIS  CHEMICALS  (continued) 


Chemical  Name 

Chris 

Code 

Chemical  Name 

Chris 

Code 

353. 

Dodecylbenzenesulfonic 

389. 

Ethyl ened i am i ne 

EDA 

Acid.  Isopropylamine 

390. 

E t hy 1 ened i am i ne  Tetra- 

Salt 

DAI 

cet  i c  Acid 

EDT 

354. 

Dodecylbenzenesulfonic 

391  . 

Ethylene  Dibromide 

EDB 

Acid.  Triethanola¬ 

392. 

Ethylene  Di chloride 

EDC 

mine  Salt 

DBS 

393. 

Ethylene  Glycol 

EGL 

355. 

Dodecy 1  Sul  fate. 

394  . 

Ethylene  Glycol  D  i  a  - 

D  i  e  t ha  no  1  ami ne  Salt 

DSD 

deta  te 

EGY 

356. 

Dodecy 1  Sulfate. 

395. 

Ethylene  Glycol 

Magnesium  Salt 

DSM 

Diethyl  Ether 

EEE 

357  . 

Dodecyl  Sulfate. 

396. 

Ethic ne  Glycol 

Sod i urn  Salt 

DOS 

Dimethyl  Ether 

EGD 

358. 

Dodecy 1  Sulfate. 

397. 

Ethylene  Glycol 

Triethanolamine  Salt 

DST 

Monobutyl  Ether 

EGM 

359. 

Dodecy 1 tr i chi  or i s i 1 ane 

DTC 

398. 

Ethylene  Glycol  Mono¬ 

360. 

Dowtherm 

DTH 

butyl  Ether  Acetate 

EMA 

361 . 

E  nd  r  i  n 

EDR 

399. 

Ethylene  Glycol  Mono- 

362. 

Ep i c h 1 orohyd  r  i  n 

EPC 

Ethyl  Ether 

EGE 

363. 

Epoxidized  Vegetable 

400. 

Ethylene  Glycol  Mon¬ 

Oi  Is 

EVO 

ethyl  Ether  Acetate 

EGA 

364. 

Ethane 

ETH 

401  . 

Ethylene  Glycol  Mono¬ 

365. 

Ethoxydihydropyran 

EHP 

methyl  Ether 

EME 

366. 

Ethoxylated  Dodecanol 

EOD 

402. 

E t hy 1 ene imi ne 

ETI 

367  . 

E  t hoxy 1  a  ted  Nony 1  - 

403  . 

Ethylene  Oxide 

EOX 

phenso  1 

ENP 

404. 

Ethyl  Ether 

EET 

368. 

Ethoxylated  Pentade- 

405. 

Ethyl  Formate 

EFM 

ca  no  1 

E  OP 

406. 

Ethyl hexa 1 dehyde 

EHA 

369. 

Ethoxylated  Tetrade- 

407  . 

Ethyl  Hex  a  no  1  (2-) 

EHX 

canol 

EOT 

4  08. 

2-Ethylhexl  Acrylate. 

370. 

Ethoxylated  Tridecanol 

ETD 

Inhibited 

EAI 

371  . 

Ethoxy  Triglycol 

ETG 

409. 

E  t hy 1 hexy 1  Ta  1  1  a  te 

EHT 

372  . 

Ethyl  Acetate 

ETA 

410. 

Ethyl idenenorbornene 

ENB 

373. 

Ethyl  Acetoacetate 

EAA 

411. 

Ethyl  Lactate 

ELT 

374. 

Ethyl  Acrylate 

EAC 

412. 

Ethyl  Mercaptan 

EMC 

375. 

Ethyl  Alcohol 

EAL 

413. 

Ethyl  Methacrylate 

ETM 

376. 

E thy  1  a  1 umi num  Di¬ 

414. 

Ethyl  Nitrite 

ETN 

ehl  or  i  de 

EAD 

415. 

Ethylphenyldichloro- 

377  . 

E thy  1  a  1 umi num  Ses- 

silane 

EPS 

qui chloride 

EAS 

416. 

Ethyl  Phosphonothioic 

378. 

Ethyl  ami ne 

E  AM 

Dichloride.  Anhydrous  EPD 

379. 

Ethyl  benzene 

ETB 

417. 

Ethyl  Phos phor sd i c h 1  or i - 

380. 

Ethyl  Butanol 

EBT 

date 

EPP 

381. 

Ethyl  Butyrate 

EBR 

418. 

2~Ethyl-3-Propylacro- 

382. 

Ethyl  Chloride 

ECL 

1  e  i  n 

EPA 

383. 

Ethyl  Ch 1 oroaceta te 

ECA 

419. 

Ethyl  Si  1 icate 

ESC 

384. 

Ethyl  Chloroformate 

ECF 

420. 

Ethyltrichlorosilane 

ETS 

385. 

E  t hy 1 d i c  h 1 oros i 1 ane 

ECS 

421. 

Ferric  Ammonium  Citrate  FAC 

386. 

Ethyl ene 

ETL 

422. 

Ferric  Ammonium  Oxalate  FAD 

387. 

Ethylene  Chlorohydrin 

ECH 

423. 

Ferric  Chloride 

FCL 

388. 

Ethylene  Cyanohydrin 

ETC 

424. 

Ferric  Glycerophosphate  FCP 

CHRIS  CHEMICALS  (continued) 


Chemical  Name 

C  (iris 

C  0  d  (' 

Chemical  Name 

C  h  r  i  s 
Code 

425. 

1  err i c  N  i  t r a te 

1  N  1 

4  65. 

lleptano  1 

HXN 

426. 

f  e  r  r  i  c  Sul  f  a  t.  o 

1  Sf 

4  66. 

1  -  Hexene 

II X  E 

427  . 

ferrous  Ammonium 

46  /  . 

Hexylene  Glycol 

HXG 

Sul  f  .i  t  e 

1  AS 

468. 

Hyd  ra / i ne 

IID/ 

428. 

ferrous  Chloride 

1  EC 

469. 

II  yd  roc  h  1  or  i  c  Ac  i  d 

II  Cl 

4  29. 

1 errous  1 1 uobora te 

1  1  R 

4/0. 

Hydrofluoric  Acid 

III  A 

430. 

1 errous  Ox  a 1  a  te 

f  OX 

4/  i  . 

Hyd  rogen .  L i gu i f i ed 

II X  X 

43!  . 

Ferrous  Sulfate 

IRS 

4  7  2. 

Hydrogen  Rromide 

HRR 

4  32. 

F 1  u  o  r  i  n  e 

F  XX 

47  3. 

Hydrogen  Chloride 

HOC 

433. 

1  1  uos i 1 i c i c  Acid 

f  SL 

4/4. 

Hydrogen  Cyanide 

HCN 

4  34  . 

F 1 uosu 1 fon i c  Acid 

1  SA 

4/5. 

Hydrogen  1  1 uor  ide 

III  X 

43b. 

1 orma 1 dehyde  So  1 u t i on 

1  MS 

4  76. 

Hydrogen  Peroxide 

HP0 

4  36. 

f  o rm i c  Ac i d 

1  MA 

4/7. 

Hyd  rogen  Sul  1 ide 

HDS 

437  . 

1 uma r i c  Acid 

1  11 M 

4/8. 

Hydrogu i none 

HDQ 

4  38. 

1  u  r  f  u  r  a  1 

1  1  A 

4/9. 

2-llydroxycthy  1  Aery  1  - 

439. 

lurfuryl  Alcohol 

1  Al. 

a  te .  Inhibit ed . 

II A 1 

440. 

(i<i  1  1  i c  Acid 

Gl  A 

480. 

Hyd ro xy 1  am i ne  Su  1  1  a  t  e 

HAS 

44  1  . 

(las  Oil:  Cracked 

GOC 

48  1. 

Hyd  roxy propy 1  Acrylate 

IIPA 

442. 

Gasoline:  Automotive 

482. 

Hydro  xy propy 1  Mot  ha  c  ry 

- 

(4.23G  PR/Gal) 

GA  1 

1  a  te 

III’M 

443. 

Ga  so  1  i  ne :  A v  i  a  t i on 

483. 

Isoamyl  Alcohol 

1  AA 

(4.86G  PR/Gal) 

GAV 

484  . 

1  sobu tune 

1  R 1 

444  . 

Ga  so  line:  Ca  s  i  ng  head 

GCS 

485. 

I  sobu  ty 1  Ace  t  a  t  e 

IRA 

445. 

Ga  sol  i  n e :  Po 1 ymcr 

GPL 

486. 

1 sobu  t  v 1  Al co ho  1 

1  Al 

446. 

Gasoline:  Straight 

48/ . 

1  sobu  t  y 1  am i ne 

1AM 

Ru  n 

GSR 

488. 

1  sobu  ty  1  ('in' 

1  111 

44  7  . 

G a s o  1  in e  R 1  e n d  i  n g 

489. 

1  so tm  tyr i c  Ac  i d 

i  a  r 

Stocks :  A l ky 1  a  t es 

GAK 

4  90. 

1 sobu  tyr on i tr  i  1 o 

1  RN 

448. 

Ga  soli  Hi'  I!  1  end  i  ng 

49  1  . 

1  sod ecu  1 dehyde 

1  DA 

Stocks:  Reformates 

GUI 

4  92. 

Isodecyl  Acrylate. 

449. 

G  1  u ta ra 1 dehyde  So  1 u - 

1 nh i h i ted 

1  Al 

t  i  o  n 

Gl  A 

493. 

1 sodec v  1  Ale  oho  1 

ISA 

4  50. 

G 1 yc er  i  no 

GCR 

4  94  . 

I  so  hexane 

1  HA 

451 . 

G  1  yc  i  dy 1  Me  t  hue  ry late 

G  CM 

4  95. 

1  sih:  t  a  1  dehyde 

1  DC 

452. 

Glyoxal  40  (solution) 

GOS 

4  96. 

lsooctyl  Alcohol 

1  0  A 

4  53. 

H  i'  p  t  a  c  h  1  o  r 

II TC 

497  . 

I  so  pen t  a  ne 

I  PT 

4  54. 

He|)  1  a  ne 

HPT 

498 . 

1  sop  ho  rone 

1  PII 

455. 

FI  opt  a  no  1 

111  N 

4  99. 

I  soph  t  ha  1  i  c  Ac  i  de 

1  PI 

4  56. 

1  -  Hep  tone 

HTE 

500. 

1  soprene 

1  PR 

457. 

Hex  a  c  h 1 orocyc 1  open  t  a  - 

501  . 

Isopropyl  Acetate 

1  AC 

d  i  e  n  e 

HCC 

502. 

Isopropyl  Ale  o  ho  1 

1  PA 

4  58. 

Hexudocy 1  Sulfate. 

503. 

I  sopropy 1  ami ne 

1  I’P 

Sodium  Salt 

IISS 

504  . 

1  sopropy 1  1  t  her 

1  PI 

4  59. 

Hexudocy 1 tr i me  thy  1  - 

505 . 

1  sopropy 1  Merc  a  p 1  a  n 

1  PM 

ammo t)  i  urn  C h  1  or  i di' 

HAC 

506 . 

1  sopropy  1  Pen  a  rbonu  t  e 

1  PC 

460. 

Hex a  1 dehyde  ( N- ) 

MAI 

507  . 

1  so va 1  era  1 dehyde 

1  VA 

461  . 

llexame  t  hy  1  ened  i  am i  ne 

HMD 

508. 

.let  Fuel:  .IP  1  (kero 

462. 

Hex  a  me  thy  1  one  i  in  i  ne 

MM  1 

s  e  n  (' ) 

,1P0 

463. 

llexame  t  hy  1  one  te  tram  i  ne 

II  Ml 

509. 

.let,  luot:  .IP  3 

>!PT 

4  64. 

Hexane 

IIXA 

510. 

.let  Fuel:  .IP  4 

.IP  1 

CHRIS  CHEMICALS  (continued) 


Chemical  Name 

Chr  i  s 

Code 

Chemical  Name 

Chris 

Code 

511  . 

Jet  Fuel  :  JP-5  ( Kero¬ 

554. 

Methyl  Acetate 

MTT 

sene,  Heavy) 

JPV 

555. 

Methy  Acetyl ene-Pro- 

512. 

Kerosene 

KRS 

padiene  Mixture 

MAP 

513. 

Lactic  Acid 

LT  A 

556. 

Methylacrylate 

MAM 

514. 

Latex.  Liquid  Syn¬ 

557  . 

Methyl  Alcohol 

MAL 

thetic 

LLS 

558. 

Methyl  ami ne 

MTA 

515. 

Lauroyl  Peroxide 

LPO 

559. 

Methyl  Amyl  Acetate 

MAC 

516. 

Lauryl  Mercaptan 

LRM 

560. 

Methyl  Amyl  Alcohol 

MAA 

517. 

lead  Acetate 

LAC 

561 . 

Methy 1  an  1 1 i ne  ( N- ) 

MAN 

518. 

Lead  Arsenate 

LAR 

562. 

Methyl  Bromide 

MTB 

519. 

Lead  Fluoborate 

LFB 

563. 

Methyl -N-Butyl  Ketone 

MBK 

520. 

Lead  Fluoride 

LFR 

564. 

Methyl  Chloride 

MTC 

521. 

Lead  Iodide 

LID 

565. 

Methyl  Chloroformate 

MCH 

522. 

Lead  Nitrate 

LNT 

566. 

Methylcyclopentadienyl- 

523. 

Lead  Tetraacetate 

LTT 

monganese  Tri carbonyl 

MCT 

524. 

Lead  Thiocyanate 

LTC 

567  . 

Metbylcyclopentane 

MCP 

525. 

L  i  near  A1 coho  Is  (12- 

568. 

Methyl  Dichlorosilane 

MCS 

15  Carbons) 

LAL 

569. 

Methyl  Ethyl  Ketone 

MEK 

526. 

Liquified  Natural  Gas 

LNG 

570. 

Me  thy  1  ethyl pyr i d i ne 

MEP 

527  . 

Liquified  Petroleum 

57  1  . 

Methyl  Formal 

MTF 

Ga  s 

LPG 

572  . 

Methyl  Formate 

Mr  M 

528. 

L  i  tharge 

L  TH 

573  . 

Methyl  Hydrazine 

MHZ 

529. 

Lithium.  Metal 

LTM 

574  . 

Methyl  lsobutyl  Car- 

530. 

Lithium  Aluminum 

b  i  n  o  1 

MIC 

Hyd  ride 

LAH 

57  5. 

Methyl  Isobutyl  Ketone 

Ml  K 

531 . 

Lithium  Hydride 

LHD 

576. 

Methyl  Isopropenyl 

532. 

Magnesium 

MGX 

Ketone.  Inhibited 

MPK 

533  . 

Magnesium  Perchlorate 

MPC 

57  7  . 

Methyl  Mercaptan 

MMC 

534  . 

Ma  )  a  th  i  on 

MLT 

578. 

Methyl  Methacrylate 

MMM 

535. 

Maleic  Acid 

ML  I 

579. 

Methyl  Parathion 

MPT 

536 . 

Maleic  Anhydride 

MLA 

580. 

Me  thy  1 p ho s phono  t  h i o i c 

537. 

Maleic  Hydra 2 i de 

MLH 

Dichloride.  Anhydrous 

MPD 

538. 

Mercuric  Acetate 

MAT 

581 . 

1  -  Methy 1 pyr ro 1 i done 

MPY 

539. 

Mercuric  Ammonium 

582. 

Methylstyrene.  Alpha 

MSR 

Chloride 

MCC 

583. 

Me thyltrichloro silane 

MTS 

540. 

Mercuric  Chloride 

MRC 

584. 

Methyl  Vinyl  Ketone 

MVK 

541 . 

Mercuric  Cyanide 

MCN 

585. 

Mi  nera 1  Spirits 

MNS 

542. 

Mercuric  Iodide 

MID 

586. 

Molybdic  Tri  oxide 

MTO 

543. 

Mercuric  Nitrate 

MNT 

587  . 

Monochl oroacetl c  Acid 

MCA 

544. 

Mercuric  Oxide 

MO  X 

588. 

Mo nochlorodifluo co¬ 

54  5. 

Mercuric  Sulfide 

MSF 

me  thane 

MCF 

546. 

Mercurous  Chloride 

MRR 

589. 

Monoe  t. ha  no  1  ami  ne 

ME  A 

547. 

Mercurous  Nitrate 

MRN 

590. 

Mono i sopropanol ami ne 

MPA 

548. 

Mercury 

MCR 

591 . 

Mor pho 1 i ne 

MI'L 

549. 

Mesityl  Oxide 

MSO 

592. 

Motor  Fuel  Antiknock 

5  50. 

Me tha 1 1 y  1  Chloride 

MCL 

Compounds  (Containing) 

MF  A 

551 . 

Me  tha ne 

MTH 

593. 

Na  bam 

NAB 

552. 

Me tha nea r son  i  c  Acid. 

594. 

Naphtha :  Coal  Tar 

NCT 

Sod i urn  Salts 

MSA 

595. 

Naphtha :  Sol  vent 

NS  V 

553. 

Methoxychlor 

MOC 

596. 

Naphtha:  Stoddard  Solvent 

NSS 

c-ia 


CHRIS  CH EMICALS  ( con tinued ) 


Chris  Chris 


Chemical  Name 

Code 

Chemical  Name 

Code 

597. 

Naphtha:  VM  +  P  (75 

644. 

Oi  1  . 

Edible 

Cotton- 

OCS 

Naphtha ) 

N  VM 

seed 

598. 

Naphthalene.  Molten 

NTM 

645. 

Oil  . 

Edible 

Fish 

OFS 

599. 

Naphthenic  Acid 

NT  I 

646. 

Oil  . 

Edible 

Lard 

OLD 

600. 

1-Napthy 1  ami ne 

NAO 

647  . 

Oil  . 

Edible 

Olive 

OOL 

601. 

Neohexane 

NHX 

648. 

Oil  . 

Edible 

Pal  m 

0PM 

602. 

Nickel  Acetate 

NKA 

649. 

Oil  . 

Edible 

Peanut 

OPN 

603. 

Nickel  Ammonium  Sul¬ 

650. 

Oil  . 

Edible 

Saf- 

fa  te 

NAS 

f 1 ower 

OSF 

604. 

Nickel  Bromide 

NBR 

651 . 

Oi  1  . 

Edible 

Soya 

605. 

Nickel  Carbonyl 

NKC 

Bean 

OSB 

606. 

Nickel  Chloride 

NCL 

652. 

Oil  . 

Edible 

Tucum 

OTC 

607. 

Nickel  Cyanide 

NCN 

653. 

Oil  . 

Edible 

Vege- 

608. 

Nickel  Fluoborate 

NFB 

table 

OVG 

609. 

Nickel  Formate 

NFM 

654. 

Oil  . 

Fuel  : 

No.  1 

610. 

Nickel  Nitrate 

NNT 

( Kerosene ) 

00N 

611. 

Nickel  Sulfate 

NKS 

655. 

Oil  . 

Fuel  : 

No.  1-3 

00D 

612. 

Nicotine 

NIC 

656. 

Oil  . 

Fuel  : 

No.  2 

OTW 

613. 

Nicotine  Sulfate 

NCS 

657  . 

Oil  . 

Fuel  : 

No.  2-D 

OTD 

614. 

Ni  tra 1 i n 

NTL 

658. 

Oi  1  . 

Fuel  : 

No.  4 

OFR 

615. 

Nitric  Acid 

NAC 

659. 

Oil  . 

Fuel  : 

No.  5 

OFV 

616. 

Nitric  Oxide 

NT  X 

660. 

Oil  . 

Fuel  : 

No.  6 

OSX 

617. 

Nitrilotriacetic  Acid 

661  . 

Oil  . 

M  i  s  c  : 

Absorption 

OAS 

and  Salts 

NAA 

662. 

Oil  . 

Mi  sc  : 

Coal  Tar 

OCT 

618. 

2-Ni trcani 1 i ne 

NTA 

663. 

Oil  . 

Misc: 

Croton 

OCR 

619. 

4-Nit rc aniline 

NAL 

664. 

Oi  1  . 

Misc: 

L  inseed 

OLS 

620. 

Ni trobenzene 

NTB 

665. 

Oil  . 

Misc: 

Lubri cat- 

621. 

N i troe  tha  ne 

NTE 

i  ng 

OLB 

622. 

Nitrogen.  Liquified 

N  X  X 

666. 

Oil . 

Misc: 

M  i  nera 1 

OMN 

623. 

Nitrogen  Tetroxide 

NOX 

667. 

Oil  . 

Misc. 

Mineral 

624. 

Ni tromethane 

NMT 

Sea  1 

OMS 

625. 

2-Ni trophenol 

NTP 

668. 

Oil . 

Misc: 

Motor 

OMT 

626. 

4-Ni trophenol 

NPH 

669. 

Oil  . 

Misc: 

Neatsfoot 

ONF 

627. 

2-Ni tropropane 

NPP 

670. 

Oil  . 

Misc: 

Pene  tra  t- 

628. 

Nitrosyl  Chloride 

NTC 

i  ng 

OPT 

629. 

Nitrous  Oxide 

NTO 

671. 

Oil  . 

Misc: 

Range 

ORG 

630. 

Nonane 

NAN 

672. 

Oi  1  . 

Misc: 

Resin 

ORS 

631. 

Nonanol 

NNN 

673. 

Oil  . 

Misc: 

Road 

ORD 

632. 

Nonene 

NON 

674. 

Oil  . 

Misc: 

Rosin 

ORN 

633. 

1-Nonene 

NNE 

675. 

Oi  1  . 

Misc: 

Sperm 

OSP 

634. 

Nonyl  Phenol 

NNP 

676. 

Oi  1  . 

Misc: 

Spindle 

OSD 

635. 

Octane 

OAN 

677  . 

Oil  . 

Misc: 

Spray 

OSY 

636. 

Octanol 

OTA 

678. 

Oil  . 

Misc: 

Tall 

OTL 

637. 

1-Octene 

OTE 

679. 

Oil  . 

Misc: 

Tanners 

OTN 

638. 

Octyl  Epoy  Tallate 

OET 

680. 

Oil  . 

Misc: 

Trans- 

639. 

Oil:  Clarified 

OCF 

former 

OTF 

640. 

Oil:  Crude 

OIL 

681 . 

Oil  . 

Misc: 

Turbine 

0TB 

641. 

Oil:  Diesel 

ODS 

682. 

Oleic 

Ac  i  d 

OLA 

642. 

Oil.  Edible:  Castor 

OCA 

683. 

Oleic 

Acid  Potassium 

643. 

Oil.  Edible:  Coconut 

OCC 

Sal  t 

OAP 

CHRIS  CHEMICALS  (continued) 


Chemical  Name 

Chris 

Code 

Chemical  Name 

Chris 

Code 

684. 

Oleic  Acid.  Sod i urn 

726. 

Potassium  Cyanide 

PTC 

Salt 

0AC 

727  . 

Potassium  Dichloro-S- 

685. 

Oleum 

0LM 

Triazinetrione 

PDT 

686. 

Oxa 1  i  c  Acid 

OXA 

728. 

Potassium  Dichromate 

PTD 

687  . 

Oxygen.  Liquid 

0XY 

729. 

Potassium  Hydroxide 

PTH 

688. 

Para  forma ldehyde 

PFA 

730. 

Potassium  Iodide 

PT1 

689. 

Parathion 

PT0 

731. 

Potassium  Oxalate 

PTS 

690. 

Pentaborane 

PTB 

732  . 

Potassium  Permanganate 

PTP 

691. 

Pentachl orophenol 

PCP 

733. 

Potassium  Peroxide 

POP 

692. 

Pentadecanol 

P  DC 

734. 

Propane 

PRP 

693. 

Pentaery thr i tol 

PET 

735. 

Prop i o 1 ac t i ne .  Beta 

PLT 

694. 

Pentane 

PTA 

736. 

Prop i ona 1 dehyde 

PAD 

695. 

1-Pentene 

PTE 

737. 

Propionic  Acid 

PNA 

696. 

Peracetic  Acid 

PAA 

738. 

Propionic  Anhydride 

PAH 

697  . 

Perchloric  Acid 

PCL 

739. 

Propyl  Acetate  (N-) 

PAT 

698. 

Perch  1 orome thy  1  Mer¬ 

740. 

Propyl  A1 cohol  ( N- ) 

PAL 

captan 

PCM 

741 . 

Propylene 

PPL 

699. 

Petrol  a  turn 

PTL 

742. 

Propylene  Butylene 

700. 

Petroleum  Naphtha 

PTN 

Polymer 

PRP 

701 . 

Phenol 

PHN 

743  . 

Propylene  Glycol 

PPG 

702. 

Phenyldichloroarsine. 

744. 

Propylene  Glycol 

Liquid 

PDL 

Methyl  Ether 

PME 

703. 

Pheny 1 hyd ra z i ne  Hydro 

- 

745. 

Propy 1 ene i mi ne .  In- 

chloride 

PHH 

hi bi ted 

PI  1 

704. 

Phosgene 

PHG 

746. 

Propylene  Oxide 

POX 

705. 

Phosphoric  Acid 

PAC 

747  . 

Propylene  Tetramer 

PTT 

706. 

Phosphorus.  Red 

PPR 

748. 

Propyl  Mercaptan  (N-) 

PMN 

707  . 

Phosphorus.  White 

PPW 

749. 

Pyridine 

PRD 

708. 

Phosphorus  Oxychloride  PPO 

750. 

Pyroga 1 1 i c  Acid 

PGA 

709. 

Phosphorus  Pentasul- 

751 . 

Qu  i  ,io  1  i  ne 

QNL 

f  i  de 

PPP 

752. 

Rescrc i nol 

RSC 

710. 

Phosphorus  Tribromide 

PDR 

753  . 

Salicylic  Acid 

SLA 

711. 

Phosphorus  Trichloride  PPT 

754. 

Selenium  Dioxide 

SLD 

712. 

Phthalic  Anhydride 

PAN 

755. 

Selenium  Trioxide 

STO 

713. 

P  i  pera  zene 

PPZ 

7  5  6. 

Silicon  Tetrachloride 

STC 

714. 

Polybutane 

PLB 

757  . 

Silver  Acetate 

SVA 

715. 

Polychlorinated  Bi- 

7  58. 

Silver  Carbonate 

SVC 

pheny 1 s 

PCB 

759. 

Si  1 ver  FI uor ide 

SVF 

716. 

Polymethylene  Poly¬ 

760. 

Silver  Iodate 

SVI 

phenyl  Isocyanate 

PPI 

761 . 

Silver  Nitrate 

SVN 

717. 

Polyphosphor ic  Acid 

PPA 

762. 

Si  1 ver  Oxide 

SVO 

718. 

Pol y propy 1 ene 

PLP 

763. 

Si  1 ver  Sulfate 

SVS 

719. 

Polypropylene  Glycol 

PGC 

764. 

Sodium.  Metallic 

SOU 

720. 

Polypropylene  Glycol 

765. 

Sodium  A1 ky 1 benzenesul 

- 

Methyl  Ether 

PGM 

fonates 

SAB 

721. 

Potass i urn 

PTM 

766. 

Sod i urn  Alkyl  Sulfates 

SAS 

722. 

Potassium  Arsenate 

PAS 

767  . 

Sodium  Amide 

SAM 

723. 

Potassium  Binoxalate 

PBO 

768. 

Sodium  Arsenate 

SDA 

724  . 

Potassium  Chlorate 

PCR 

769. 

Sodium  Arsenite 

SAR 

725. 

Potassium  Chromate 

PCH 

770. 

Sodium  Azide 

SAZ 

C  -20 


CHRIS  CHEMICALS  (continued) 


Chemical  Name 

Chris 

Code 

Chemical  Name 

Chris 

Code 

771 . 

Sod i urn  Bisulfite 

SBS 

817  . 

Tetraethy 1 ene  Glycol 

TTG 

772. 

Sodium  Borate 

SDB 

818. 

Tetraethyl enepentamine 

TTP 

773. 

Sodium  Borohydride 

SBH 

819. 

Tetraethyl  Lead 

TEL 

7  74  . 

Sodium  Cacodylate 

SCD 

820. 

Tetraethyl  Pyrophos¬ 

77  5. 

Sodium  Chlorate 

SDC 

phate 

1  EP 

776. 

Sodium  Chromate 

SCH 

821 . 

Tetrafluoroethylene. 

77  7. 

Sodium  Cyanide 

SCN 

I nhi bi ted 

TFE 

778. 

Sodium  l)  i  c  hroroma  t  e 

SCR 

822. 

Tetrahydrofuran 

THF 

779. 

Sodium  Dichloro-S- 

823. 

Tetra  hydronaphtha  1 ene 

THN 

Tr i a  z i ne tr i one 

SDT 

824. 

Tetramethyl  Lead 

TMI 

780. 

Sodium  Ferrocyanide 

SFC 

825. 

Th i ophosgene 

TPG 

781  . 

Sodium  Fluoride 

SOF 

826. 

Th i ram 

THR 

782. 

Sodium  Hydride 

SDH 

827. 

Thorium  Nitrate 

TRN 

783. 

Sodium  Hydrosulfide 

828. 

Titanium  Tetrachloride 

TTT 

Solution 

SHS 

829. 

Tol uene 

TOL 

784  . 

Sodium  Hydroxide 

SH0 

830. 

Toluene  2. 4-Di isocyan¬ 

785. 

Sodium  Hypochorite 

SHC 

ate 

TD1 

786. 

Sodium  Methylate 

SML 

831 . 

Tol uenesu 1 f on i c  Acid 

787 . 

Sodium  Nitrite 

SNT 

(P-) 

TAP 

788. 

Sodium  Oxalate 

SOX 

832. 

Toluidene  (0-) 

TL1 

789. 

Sodium  Phosphate 

SPP 

833. 

Toxaphene 

TXP 

790. 

Sodium  Silicate 

SSC 

834. 

Tr i ch 1 oroe  thane 

TCE 

791  . 

Sodium  S i  1  i cof 1 uor i de 

SFR 

835. 

T  r i c  hi oroe thy  1 ene 

TCI 

792  . 

Sod i urn  Sulfide 

SOS 

836. 

Trichlorofl  uoronte  t  hane 

TCF 

793  . 

Sod i urn  Sulfite 

SSF 

837. 

Tr  ichlorophenol 

TPH 

794. 

Sodium  Thiocyanate 

SCY 

838. 

2.4.5-Trichlorophen- 

795. 

Sorbitol 

SBT 

oxyacetic  Acid 

TC  A 

796. 

Stearic  Acid 

SRA 

839. 

Trichloro silane 

TCS 

797. 

Styrene 

STY 

840. 

T  rich  lor  o-S-Triazine- 

798. 

Sue  rose 

SRS 

tr i one 

TCT 

799. 

Su 1 fo 1 ane 

SFL 

841 . 

Tricresyl  Phosphate 

TCP 

800. 

Sulfur  (Liquid) 

SXX 

842. 

Tridecan ol 

TUN 

801  . 

Sulfur  Dioxide 

SFD 

843. 

1  - Tr i decene 

TOC 

802. 

Sulfuric  Acid 

SFA 

844. 

Tr i e  thano 1  ami ne 

TEA 

803. 

Sulfuric  Acid.  Spent 

SAC 

845. 

Tr i ethyl  ami ne 

TEN 

804. 

Sulfur  Monochloride 

SFM 

846. 

Tr i ethyl  benzene 

TEB 

805. 

Sulfuryl  Chloride 

SCL 

847. 

Triethylene  Glycol 

TEG 

806. 

2.4.5  -  T  (Esters) 

TES 

848. 

Triethylenetetramine 

TET 

807  . 

Tallow 

TLO 

849. 

Tr i e thy  1  a  1 umi num 

1  AL 

808. 

Tallow  Fatty  Alcohol 

TFA 

850. 

Tr i f 1 uoroch 1 oroe t  hy 1 ene 

TFC 

809. 

Tannic  Acid 

TNA 

851. 

Tr  i  f 1 ura 1 i n 

TFR 

810. 

Tetrabutyl  Titanate 

TBT 

852. 

Triisobutylaluminum 

T  1  A 

811. 

Tetrachloroe thane 

TEC 

853. 

Tri methyl  amine 

TMA 

812. 

Tetrachloroethylene 

TTE 

854. 

Tr ime thy  1  chi  or os i 1 ane 

TMC 

813. 

Tetradecanol 

TTN 

855. 

Tripropylene  Glycol 

TGC 

814. 

1  -  Tetradecene 

TTD 

856. 

Tris(Aziridinyl)Phos- 

815. 

Tetradecy 1  benzene 

TDB 

phine  Oxide 

TPO 

816. 

Tetraethyl  Dithiopyro 

- 

857  . 

Turpentine 

TP  1 

phosphate 

TED 

858. 

Undecanol 

UNO 

C -21 
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CHEMICALS  (continued) 

Chris 

Chemical  Name 

Code 

859. 

1  -  Undecene 

UDC 

860. 

llndecyl  benzene  (N-) 

U0B 

861  . 

Uranyl  Acetate 

URA 

862. 

Uranyl  Nitrate 

UAN 

863. 

Uranyl  Sulfate 

URS 

864. 

Urea 

URE 

865. 

Urea  Peroxide 

UPO 

866. 

Valera  1 dehyde 

VAL 

867. 

Vanadium  Oxytrichlor- 

i  de 

V0T 

868. 

Vanadium  Pentoxide 

VOX 

869. 

Vanadyl  Sulfate 

VSF 

870. 

Vinyl  Acetate 

VAM 

871. 

Vinyl  Chloride 

VCM 

87  2. 

Viny'i  Fluoride. 

1 nhi bi ted 

V  F  I 

873. 

Vinyl  idenechl or ide. 

1  nh i b i ted 

VCI 

874. 

Vinyl  Methyl  Ether. 

I  nh  i  b i ted 

VME 

87b. 

V  i  ny 1  to  1 uene 

VNT 

876. 

Vinyl trichlorosilane 

VTS 

877  . 

Wax:  Carnauba 

WC  A 

878. 

Wax:  Paraffin 

WPF 

879. 

Xylene  (N-) 

XLM 

880. 

Xy 1 ene  ( 0 - ) 

XLO 

881  . 

Xylene  (P-) 

XL  P 

882. 

Xy 1 eno 1 

XYL 

883. 

Zinc  Acetate 

ZNA 

884. 

Zinc  Ammonium  Chloride 

ZAC 

885. 

Zinc  Arsenate 

ZAR 

886. 

Zinc  Borate 

7B0 

887. 

Zinc  Bromide 

ZBR 

888. 

Zinc  Chloride 

Z  CL 

889. 

Zinc  Chromate 

ZCR 

890. 

Zinc  Dialhyldithio- 

phosphate 

ZDP 

891  . 

Zinc  Fluoborate 

ZFB 

892. 

Zinc  Nitrate 

ZNT 

893. 

Zinc  Phenol su 1 fona te 

ZPS 

894. 

Zinc  Phosphide 

ZPP 

895. 

Zinc  Si  1 i cof 1 uor ide 

ZSL 

896. 

Zinc  Sulfate 

ZSF 

89  7  . 

Zirconium  Acetate 

ZCA 

898. 

Zirconium  Nitrate 

ZIR 

899. 

Zirconium  Oxychloride 

ZCO 

900. 

Zirconium  Sulfate 

ZCS 

C -22 


appendix  d 

EQUIPMENT  LISTING 


United  States  Plastic  Corp.  Various  (catalog)  General  plastics  products 

liners,  etc. 


American  HCP,  Inc.  Hatpack  90  Collapsible  storage  containers 

Flatpack  146  (90.  146.  180  gallon) 

Flatpack  180 


APPENDIX  D  (continued) 


Bell  Helicopter  The  Biglifter  -  214B  A  16-place  single-engine 

turbine  powered  medium 
helicopter  for  utility  and 
corporate  use  (Max.  external 
load  -  8,350  lbs.) 


National  Crane  Co.  N-70  Truck  mountable  crane  with 

bucket  or  other  options 
(1  ton  cap. ) 
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APPENDIX 


APPENDIX  3  (cont*'nue 


APPENDIX  D  (continued) 


1*02  Cnnsler  Corp.  —  Conventional  pressure  type 

filters 


APPENDIX  0  (continued) 


APPENDIX  D  (continued) 


Union  Carbide  Corp.  UNOX  Secondary  wastewater  treatment 

facility  using  O2  for  BOO  re¬ 
moval,  digestion,  etc. 
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APPENDIX  D  (continued) 


2104  Automation  Products,  Inc.  —  Dynatrol  viscosity  measuring 

device 
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APPENDIX  E 


TRANSPORT  AND  DISPOSAL  EQUIPMENT  DIMENSIONS 
(ALL  DIMENSIONS  IN  METERS) 


E  -1 


FIGURE  E-l .  ITEM  203:  DRACONE  BARGE  DIO. 


FIGURE  E-2 .  ITEM  302:  FIELD  ERECT  TANKS. 


FIGURE  E- 5 .  ITEM  305:  FLATPACK  90,  146,  AND  180 


FIGURE  E-6 .  ITEM  401:  SUPER  PROTRACTOR  LOADER. 


- X 


FIGURE  E-13.  ITEM  604:  COYOTE. 


FIGURE  E- 1 4 


ITEM  605:  DRIFT  COLLECTOR  BO-6. 


FIGURE  E-15.  ITEM  606:  MV  PORT  SERVICE 


FIGURE  E->6.  ITEM  608:  SOLID  WASTE  OFF-LOADING  BARGE  (SWOBS) 


FIGURE  E-19.  ITEM  903:  TUBULAR  CONVEYOR. 


FIGURE  E-20.  ITEM  1015:  MODEL  3001  I-SERIES 


E- 


FIGURE  E-21 .  ITEM  1016:  SELF-PRIMING  CENTRIFUGAL  PUMP 


FIGURE  E-22.  ITEM  1213:  GE  0PL-25  OIL/WATER  SEPARATOR 


E  - 1  2 


FIGURE  E-25 .  ITEM  1404:  0SM0-6600-43-AB97B 
REVERSE  OSMOSIS  RECOVERY. 


FIGURE  E-26 .  ITEM  1501:  INDEPENDENT  PHYSICAL-CHEMICAL  ( I  PC ) 
WASTEWATER  TREATMENT  SYSTEM. 


E  - 1 4 


FIGURE  E-30.  ITEM  1712:  TRELAN  C-14  CHIPPER. 


FIGURE  E- 31 ,  ITEM  1910:  INCINERATOR  SYSTEM 
(HORIZONTAL)-MET-PRO. 


FIGURE  E-32.  ITEM  2001:  SUPER  PRO-TRACTOR. 


FIGURE  E - 3 5 .  ITEM  2501  :  FLARING  DEVICE 


FIGURE  E - 3 7 .  ITEM  2503:  BLOWER  UNIT. 


APPENDIX  F 


AIRCRAFT  AND  VESSELS  AVAILABLE  TO  THE 
U.S.  COAST  GUARD: 

EQUIPMENT  CARGO  TRANSPORT  CAPABILITIES 


The  Coast  Guard's  equipment,  facilities,  and  operating 
procedures  were  examined  to  the  extent  that  they  physically 
interface  with  the  oil  disposal  system.  From  these,  a  set  of 
design  requirements  and  goals  were  established  and  imposed  on 
the  engineering  design  evaluations  of  equipment. 

Storage  Ashore  and  Afloat 

Coast  Guard  storage  facilities  ashore  will  be  adequate  for 
covered  storage  of  the  oil  recovery  system  if  the  transport 
packages  meet  the  following  criteria: 

O 

•  Designed  to  impose  floor  loadings  of  2,400  kg/m  maximum 
(local  code  requi remen t  specification) 

•  Fitted  with  tiedown,  forklifting,  and  strapping  capa¬ 
bilities 

•  Designed  to  deter  pilferage 

•  Designed  to  allow  access  for  preventive  maintenance, 
such  as  pontoon  servicing,  machinery  rotation,  valve  exercising, 
electrical  checks,  and  periodic  lubrication 

•  Void  of  requirements  for  external  auxiliary  services 
such  as  heat,  lighting,  or  fluids. 

Storage  afloat  requires  that  the  system  be  packaged  to 
withstand  loading  onto  and  into  ships.  For  loading  into  certain 
Coast  Guard  Cutters,  for  instance,  the  package  will  undergo 
tilting  loads.  When  stored  below,  provisions  must  be  made  for 
prior  removal  of  hazardous  materials  from  the  components  to 
satisfy  Chapter  46  CFR. 


Over-the-Road  Transport 

The  50  states  regulate  the  sizes  and  weights  of  vehicles  on 
highways  within  their  borders.  The  oil  recovery  system  packages 
must  be  sized  to  meet  these  limits.  The  lower  limits  for  a 


three-axle  semi  or  full  trailer  are  2.44  m  wide,  4.11  m  overall 
height,  12.19  m  overall  length  (except  10.67  m  in  Wisconsin  and 
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Oregon  without  permit),  and  20.25  kkg  gross  for  the  load  and 
vehicle.  For  combinations  in  excess  of  these  limits,  local 
permits  may  be  required.  In  addition,  package  protection  should 
be  provided  against  missile  hazards  during  transit. 

Air  J r a nsj) or t 

A  controlling  design  requirement  is  the  air  transport  gross 
dimension  and  weight  limits.  These  are  defined  in  COMDT(FSP) 
letter  dated  October  15,  1971,  file  DOT-CG- 1 4 , 057A .  This 
requirement  established  maximum  dimensions  of  2.39  m  width, 

2.74  m  height,  and  12.19  m  length,  and  a  weight  limit  of  11.25 
kkg . 

Other  transport  design  goals  provide  for  the  use  of  the 
HC-130B  cargo  compartment  and,  when  available,  the  cargo  loading 
track  system. 

Certain  significant  restrictions  appear  in  T.O.  1C-130A-9, 
dated  15  July  1970,  covering  the  loading  instructions  for  the 
aircraft.  These  restrictions  apply  to  the  selection  of  the 
package  dimensions  and  weight.  Restrictions  are  imposed  on  the 
loading  of  some  cargo  because  of  the  crest  of  the  opening  at  the 
junction  of  the  lowered  ramp  and  the  cargo  compartment  floor. 

The  cargo  winch  capacity  requires  that  flat-bottomed 
packages  weighing  more  than  5,625  kg  should  not  be  skidded  up 
the  ramp  unassisted.  If  the  package  weighs  more  than  3,825  kg, 
the  angle  formed  by  the  cable  passing  around  any  snatch  block 
is  not  to  be  less  than  90  degrees.  Loading  aids  in  the  form  of 
auxiliary  truck  loading  ramps,  wheeled  pry  bars,  and  ramp 
supports  are  available. 

The  restrictions,  coupled  with  the  loading  aids,  control 
the  design  of  packaging  for  the  system.  No  jettisoning  of  the 
system  packages  is  contemplated.  In-flight  inspection  of  the 
packaged  load  and  the  aircraft  internals  is  required. 

Pertinent  cargo  compartment  characteristics  of  the  HC-130R 
aircraft  that  affect  the  design  of  the  system  are  presented  in 
Figures  F- 1  ,  F-2,  and  F-3. 


A  AND  O 
MODEL  S 


106.7  Cm  AIRPLANE  EQUIPPED  AND  EMPTY 
10  1.6  Cm  AT  60  750  kg 


B  MODELS 


IOh.1  cm  AIRPLANE  EQUIPPED  AND  EMPTY 
99. 1  Cm  AT  69750  kg 


E  MODELS 


NCTE 
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2  SEE  SH£*T  2  *C9  Of  T A  I _£D  DlvesSlCNS. 
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FIGURE  E-l.  CARGO  COMPARTMENT  DIMENSIONS. 


From:  Beran,  William  T.,  Barrett  Bruch,  and  Kenneth  R.  Maxwell. 

A  Prototype  High  Seas  Oil  Recovery  System.  Phase  '  System 
DeveTopmen t .  Lock heeii  Missiles  anil  s»ace  Comoanv,  Ire.. 
February  1972.  Vol .  I,  P.  2-U 
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FIGURE  F-2.  CARGO 


ELECTRICAL  CABLES 

AND  HYORAULIC  LINES  INSULATION 
(BOTH  SIDES)  / 


WING  CENTER  SECTION 
•LOWER  SURFACE  FUS 
f  STA  S17  THROUGH  S97 


orybay  as.  io—  va  z-54i—r 

DRAIN 

5.08 - 5— |»|  274.32 

INSULATION^.  |  1268.70  I 


30.48  U__.302.2e 


_MLG  I NSP 
WINDOW 


CARGO  FLOOR 


FORWARD 

CARGO  MAXIMUM  WIDTH 

DOOR  /AT  TOP  OF 

'  /  CARGO  WITH 

/  PARATROOP 
/  DOORS 
J - OPEN 


Tifr" 

1«  S8|  \ 

l“rv^A 


V r"  MAXIMUM 
I  HEIGHT 
I  OF  CARGO 
254  00  *ith 
I  OPEN 

/  PARATROOP 

-  DOORS 


.ARGO  FLOOR 


AIRPLANES  AF61-2358  THROUGH  61-2373 


PARATROOP  DOO 
CLEAR  OPENING 


FORWARD 
CARGO  DOOR 
OPENING 


NOTE  l 

IN  ADD I T I  ON  TO  THE  DIMENSIONS  SHOWN,  MAJOR 
AIR  COMMANDS  REQUIRE  A  SAFETY  AISLE  OF  SPECIFIC 
DIMENSIONS  FOR  CREW  ACCESS  TO  THE  REAR  OF  THE 
AIRPLANE  ALONG  THE  LEFT  SIDE  OF  THE  CARGO 
COMPARTMENT  ( REF  l  MCM  55-130). 


AIRPLANES 

PRIOR  TO  AF62-1784 


LITTER  STANCHION 
BRACKET  / 


ELECTRICAL  CABLES 
ANO  HYDRAULIC  LINES 
(BOTH  SIOES. 

C-130A  ONLY). 


"71 


WING  CENTER  SECTION 
LOWER  SURFACE 
FUS  STA  517 
-THROUGH  597 


PARATROOP 

STATIC  ANCHOR  LINE 
SUPPORT 
ROD  V\ 

ASSEMBLY.  \-><r - _ 


PENDULUM 

ARM 


-302.26—) 


CARGO  FLOOR' 


MLG  I NSP 
VWINOOW 
(C-130E  ONLY) 


RAMP  —  >) 

ACTUATING 

CYLINDER 


AIRPLANES  AF62- 1 784  ANO  UP 


FIGURE  F-3,  Cl  30  TRANSPORT  CARGO  CAPACITY. 


From:  Ibid. ,  page  2-16. 
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Water  Transport 

The  transportability  of  the  disposal  system  by  ship  depends 
upon  the  capacity  of  Coast  Guard  or  commercial  vessels  to  carry 
the  packaged  disposal  equipment  to  the  scene.  Seagoing  Coast 
Guard  cutters  in  the  buoy  tender,  medium-endurance,  and  high- 
endurance  classes  are  candidates  for  the  water  transport  task. 
Commercial  vessels  certificated  for  offshore  operations  are 
candidates.  Public  vessels,  principally  U.S.  Navy  auxiliaries, 
are  also  candidates.  The  design  parameters  to  consider,  if  the 
unit  is  carried  on  deck,  include  the  boom  capacity  of  the  cargo 
handling  gear  of  the  carrier,  the  deck  space  available,  and 
structural  adequacy  to  carry  the  packaged  system  or  erected 
unit,  habitability  of  the  deck  space  during  transit  to  the  scene, 
and  the  on-scene  cargo  handling  capacity  and  vessel  stability 
of  the  carrier. 

Coast  Guard  seagoing  buoy  tenders  (WLBs)  have  an  18-kkg 
cargo  boom  main  purchase  capacity.  Their  stability  characteris¬ 
tics  will  allow  up  to  a  5.49  m  outboard  reach,  with  a  11.25  kkg 
load  and  a  maximum  roll  period  of  11.5  sec.  An  11.5-sec  roll 
period  can  be  expected  in  Sea  State  4.  Other  combinations  of 
reach,  capacity  and  roll  appear  in  CG-222,  Aids  to  Navigation 
Manual.  This  example  is  for  a  Sea  State  4  period  of  roll. 

The  minimum  cleardeck  buoy  deck  dimensions  are  15.24  m  fore 
and  aft  and  6.10  m  athwartships .  All  of  this  area  is  served  by 
the  boom.  There  are  installed  deck  winches,  cleats,  and  bits 
for  handling  deck  loads.  Dunnage,  straps,  and  slings  are  also 
available.  Stowage  of  the  load  below  decks  is  not  desirable. 
Fuel,  hydraulic  fluids,  rubber  fabric  repair  kits,  and  service 
air  can  be  made  available  on  most  Coast  Guard  cutters.  Journey¬ 
man  level  skills  in  the  mechanical,  electrical,  welding,  and 
machine  shop  trades  are  available  on  Coast  Guard  cutters. 

The  characteristics  listed  for  seagoing  buoy  tenders  such 
as  boom  capacity  and  deck  space  serviced  by  the  boom  are  also 
identified  as  the  minimum  required  of  commercial  and  public 
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vessels  to  deliver  the  disposal  system.  If  towing  is  considered, 
the  system  design  parameters  must  include  the  limiting  bollard 
pulls  of  Coast  Guard  buoy  tenders  and  cutters.  These  are  12.15 
kkg  for  the  inland  buoy  tender,  12.6  kkg  for  the  55-m  class  of 
seagoing  buoy  tenders,  31.5  kkg  for  the  64-m  medium-endurance 
cutter,  and  58.5  kkg  for  the  115-m  high-endurance  cutter. 

Cargo  boom  capacities  on  certain  other  Coast  Guard  cutters 
are comparabl e  to  or  less  than  that  of  the  seagoing  buoy  tender 
class.  When  boom  capacity  is  comparable,  however,  other  limita¬ 
tions  exist.  In  most  cases,  deck  space  is  at  a  premium. 
Exceptions  are  two  cargo  vessels  and  a  single  vessel  class 
icebreaker  (CGC  STORIS),  all  of  which  have  both  boom  capacity 
and  deck  space  to  transport  disposal  equipment  systems  of  the 
dimensions  listed  under  the  air  transport  subsection  of  this 
report . 


Towable  Planing  Hull  Sleds 


The  Coast  Guard  is  presently  developing  various  rapid 
surface  transport  systems  to  deliver  the  pollution  control 
equipment  to  the  scene  of  an  oil  spill.  A  towed  planing  hull 
sled  is  one  such  approach  to  a  fast  surface  delivery  system 
characterized  by  low  investment  cost,  simplicity  in  design,  and 
good  delivery  capability. 

A  proposal  to  develop  a  planing  hull  sled  for  the  FSD 
system  was  submitted  to  the  Coast  Guard  by  the  Naval  Coastal 
Systems  Laboratory.  After  consideration  of  the  proposal,  the 
Coast  Guard  issued  a  Military  Interdepartmental  Purchase  Request 
(MIPR)  to  NCSL  to  perform  the  work.  The  units  can  be  used  to 
deliver  two  ADAPTS  Systems,  one  High  Seas  Oil  Containment 
Barrier,  or  one  Oil  Recovery  Device: 

1.  ADAPTS  System  (Air  Deliverable  Anti pol 1 uti on  Transfer 
System).  Two  packages:  A.  Pump  package  -  4,740  lb,  and  B.  Bag 
package  -  6,250  lb. 
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2.  High  Seas  Oil  Recovery  Device  (Oil  Recovery  System 
built  for  the  Coast  Guard  by  Lockheed  Corporati on ) .  Total 
weight  -  16,000  lb. 

3.  Barrier  (High  Seas  Containment  Barrier).  Total  weight 
17,000  lb. 

Planing  hull  sleds  are  to  be  located  at  strategic  Coast 
Guard  Stations.  In  the  event  of  an  oil  spill  or  other  marine 
disaster  requiring  use  of  pollution  control  equi pment ,  the  sled, 
loaded  with  appropriate  equipment,  will  be  towed  by  surface 
craft  or  helicopter  to  the  site  of  the  disaster  and  unloaded. 

The  empty  sled  can  be  towed  back  to  port  for  reloading  with 
other  equipment,  if  required.  It  is  assumed  that  the  sled  can 
accommodate  disposal  system  equipment,  similar  in  dimensions  and 
weight  to  the  barriers  and  containment  devices,  with  only  minor 
modifications.  Equipment  must  be  containerized  to  provide  a 
buoyant  and  protective  cover  for  over-water  transport. 

The  sled  is  designed  to  transport  any  of  four  payloads: 
the  Barrier  equipment,  the  Lockheed  Oil  Recovery  equipment,  one 
ADAPTS  package,  or  two  ADAPTS  packages.  A  moveable  deck  stop  is 
provided  to  prevent  forward  movement  of  three  of  the  payloads. 
Barrier,  one  ADAPTS,  two  ADAPTS,  and  to  provide  a  guide  for 
positioning  the  loads.  The  sides  and  aft  end  positions  of  the 
three  loads  are  common  and  are  guided  by  fixed  deck  frames.  The 
Lockheed  device  must  be  elevated  2  ft  above  the  deck  to  allow 
the  pontoons  to  extend  over  the  gunwales.  Two  frames  are 
provided  to  support  the  Lockheed  equipment. 

There  are  two  ways  of  launching  the  system  (Figure  F-4)  : 

(1)  the  payload  can  be  loaded  and  secured  in  the  sled  on  the 
pier  and  the  assembled  system  then  crane-lifted  into  the  water, 
or  (2)  the  sled  and  floating  payload  can  be  set  into  the  water 
separately  and  then  assembled.  If  a  crane  or  lifting  equipment 
capable  of  lifting  the  combined  load  is  available,  the  first 
method  is  the  more  expedient.  A  four-legged  sling  is  used  in 
lifting  the  loaded  or  unloaded  sled.  A  series  of  lift  eyes  are 
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Hard,  Russell  S. ,  Towed  Planing  Sled  for  Delivery  of  Oil 
Pollution  Control  Equipment,  USCG.  Naval  Coastal  Systems 
Laboratory,  Panama  City,  Florida,  March  19/6.  p. 


APPENDIX  F  (continued) 


located  on  the  sled,  so  that  the  sling  can  be  attached  at 
suitable  lift  points  for  any  load. 

Towing  may  be  achieved  by  surface  craft  or  helicopter.  The 
tow  craft's  tow  line  is  attached  to  the  sled's  bridle.  The  tow 
craft  begins  tow  and  accelerates  gradually  to  allow  water  to 
drain  from  the  equipment  and  the  aft  end  of  the  sled.  As  the 
water  drains  and  speed  increases,  the  sled  begins  to  hydroplane. 
Towing  tension  increases  with  speed  until  hydro pi aning  occurs, 
then  decreases  rapidly  until  higher  speeds  are  reached.  The  tow 
line  should  be  let  out  to  allow  the  sled  to  be  clear  of  the  wake 
of  the  tow  craft.  Once  hydroplaning  occurs,  speed  may  be 
increased  as  conditions  and  tow  craft  permit.  Normal  tow  speed 
for  the  82-ft  WPB  is  approximately  16  knots. 

Two  line  hookup  from  the  helicopter  to  the  sled  is  made  as 
follows:  the  sled  is  towed  by  boat  to  a  clear  area  in  the  port; 

the  helicopter  hovers  directly  over  the  sled  and  plays  out  the 
tow  line  to  the  sled.  The  tow  line  is  attached  to  the  sled's 
bridle.  The  tow  line  is  then  played  out  to  its  full  length  and 
tow  begins.  The  helicopter  accelerates  gradually  until  hydro¬ 
planing  occurs.  Tow  speeds  are  determined  by  conditions  and 
pilot  discretion.  Tow  speeds  of  53  knots  were  attained  during 
tests  with  packages  in  calm  seas. 

The  tow  is  released  at  the  sled  and  picked  up  by  surface 
craft  at  the  deployment  site. 

Transportability  of  Disposal  System  Equipment 

Large  workboats  and  barges  (items  No.  602,  604,  605,  606, 
and  608)  are  restricted  to  self-powered,  over-water  transport 
to  sites  of  operation.  The  vacuum  tank  (item  No.  503)  and  the 
flatbed  trailer  (item  No.  513)  must  be  pulled  to  the  sites  by 
the  truck-tractor  (item  No.  514)  over  a  high  or  improved  road. 
The  dump  truck  (item  No.  501)  must  also  be  transported  by  road¬ 
way.  All  other  equipment  components  not  mentioned  below  are 
transportable  by  any  means  shown  in  Table  E-l. 
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DISPOSAL  BY  CONTRACTORS 
OFF-SITE  FACILITIES 


INTRODUCTION 

The  disposal  hardware  systems  discussed  in  Section  iiT 
(Task  II  Report)  produce  a  relatively  concentrated  mass  of  oil 
and  oil-stained  solid  debris  that  requires  ultimate  disposal. 

For  those  systems  that  include  incineration,  a  solid  residue  is 
produced,  which  also  requires  disposal.  Likewise,  use  of  the 
hardware  systems  on  hazardous  chemical  spill  debris  will  gener¬ 
ate  a  residual  waste  containing  the  particular  hazardous  chemical. 

Land  deposition  of  the  residuals  is  the  basic  method  avail¬ 
able  to  the  Coast  Guard  for  on-site  disposal  of  these  residues. 

As  noted  in  Section  III,  land  disposal  can  be  performed  by  two 
methods : 

•  Burial  or 

t  Land  cultivation  (incorporation  of  the  debris  mass  into 
the  surface  soil  by  mixing). 

However,  disposal  of  oil  or  hazardous  chemical  spill  cleanup 
debris  by  the  Coast  Guard  at  the  Scene  of  cleanup  operations  may 
not  always  be  practical  for  several  reasons: 

•  An  appropriate  disposal  site  is  not  available. 

•  The  quantity  of  spill  debris  is  not  sufficiently  large 
to  justify  the  cost  of  providing  disposal  equipment  or 
personnel . 

0  The  materials  cannot  be  safely  handled  by  mobile  pro¬ 
cessing  or  land  disposal  equipment. 

The  spill  debris  mass  could  also  be  processed  further  to 
reduce  its  volume,  detoxify  its  constituents,  or  otherwise 
improve  disposability  of  the  residues.  Furthermore,  there  may 
be  an  opportunity  to  recover  a  portion  of  the  spilled  oil  or 
chemical.  Thus,  the  Coast  Guard  should  consider  use  of  estab¬ 
lished  processing  and/or  disposal  facilities  near  the  spill 


cleanup  scene  whenever  on-site  disposal  of  debris  is  not  prac¬ 
tical. or  where  off-site  facilities  would  likely  provide  an  envi¬ 
ronmental  or  cost  advantage 

The  cost  to  transport  the  spill  debris  to  off-site  process¬ 
ing/disposal  f  ac  i  1  i  t  i  es,  ver  su  s  the  costs  for  on-site  disposal, 
should  be  considered.  Strict  adherence  to  the  Environmental 
Protection  Agency's  criteria  for  land  disposal  facilities  (now 
in  draft  form)  may  dictate  careful  Coast  Guard  site  selection, 
operation,  and  long-term  monitoring  for  on-site  disposal  of 
debris  generated  even  during  emergency  cleanup  activities.  Costs 
for  on-site  disposal  could  thus  be  significantly  higher  than 
experienced  in  the  past. 

Also,  the  potential  for  environmental  damage  for  on-site 
and  off-site  options  should  be  assessed.  The  Coast  Guard  must 
determine  whether  deposition  of  a  mass  of  spill  debris  at  a  new 
land  disposal  site  (on-site  disposal)  would  afford  more  environ¬ 
mental  protection  than  transportation  of  the  debris  mass  to  a 
central,  existing  site  (off-site  disposal)  some  distance  away 
from  the  cleanup  site. 

Off-site  disposal  options  generally  available  to  the  Coast 
Guard  are  classified  into  three  categories  (see  Figure  G-l): 

•  Deposition  on  land  or  in  water 

•  Treatment  (to  reduce  debris  volume  or  alter  its  form 
then  land  disposal  of  residue) 

9  Reprocessing  for  reuse. 

Facilities  for  many  of  these  disposal  options  are  operated 
by  private  firms  or  contractors,  although  municipalities  also 
provide  waste  d i spos a  1 / proces s i ng  service  at  established  land 
disposal  sites  or  incinerators  in  some  localities. 

Figure  G-2  depicts  a  generalized  flow  diagram  for  deciding 
on  off-site  disposal  options.  General  options  are  discussed 
below  as  they  relate  to  Coast  Guard  needs  during  spill  cleanup 
debris  disposal  operations. 

DEPOSITION  ON  LAND  OR  IN  WATER 

Land  Disposal 

Debris  recovered  from  spills  in  harbors,  inland  waters,  and 
oceans  consist  mainly  of  large  pieces  of  oil  or  chemically  coated 
wood  sorbents,  kelp,  and  trash.  Tables  G-l  and  G-2  describe 
the  advantages  and  disadvantages  of  land  disposal  methods  and 
their  applicability  to  different  types  of  debris 
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DISPOSAL  BY  CONTRACTORS:  OFF-SITE  FACILITIES. 


TABLE  G-l.  ADVANTAGES  AND  DISADVANTAGES  OF  ALTERNATIVE 
SPILL  MASS  DISPOSAL  METHODS  ON  LAND 


rom:  Stearns,  Robert  P.,  David  E.  Ross,  and  Robert  Morrison,  Oil  Spill:  Decisions 
for  Debris  Disposal.  Long  Beach,  CA,  SCS  Engineers,  1977.  Voi .  T7 


TABLE  G-2.  APPLICABILITY  OF  LAND  DISPOSAL  METHODS 
TO  DIFFERENT  TYPES  OF  SPILL  MASSES 


free:  Steams,  Rotert  P.,  David  E.  Poss,  ar.d  Robert  Morrison,  Oil  SpH  1 :  Decisions 
fc r  Debris  Olsocsa' .  Long  Beacn,  CA,  SCS  Engineers,  1S77,  rfo' .  1 


The  cost  of  each  debris  disposal  method  is  dependent  on 
site-specific  conditions  such  as  the  debris  volume  and  composi¬ 
tion,  needs  for  access  road  construction,  types  of  equipment 
used,  and  prevalent  labor  wage  rates.  Of  course,  land  costs  can 
vary  significantly.  In  general,  land  cultivation  costs  are 
reportedly  higher  than  the  other  methods  because  more  equip¬ 
ment  and  personnel  time  are  required.  Landfilling  with  refuse 
is  likely  to  be  the  least  costly  debris  disposal  method  since 
the  waste  material  is  incorporated  into  an  ongoing  burial  site; 
the  equipment  and  personnel  costs  are  also  shared  by  others 
depositing  wastes  at  the  site. 

The  estimated  range  of  unit  costs  to  dispose  of  spill  debris 
is  shown  in  Table  G-3.  These  costs  do  not  include  expenditures 
for  land  purchase  or  lease  or  any  necessary  land  improvements. 
Transportation  costs  from  the  spill  location  to  the  disposal 
site  are  also  not  reflected. 

Ocean  Dumpi ng 

For  years,  ocean  dumping  seemed  to  hold  the  ideal  solution 
for  the  disposal  of  wastes.  Not  only  was  it  economical  and  con¬ 
venient,  but  the  properties  of  dilution  and  diffusion  hid  the 
fact  that  the  oceans  were  becoming  polluted.  In  the  past  50 
years,  though,  the  sheer  magnitude  of  ocean-dumped  wastes  and 
the  increasing  toxicity  of  these  substances  have  led  to  clearly 
evident  adverse  environmental  impacts. 

With  the  rise  of  the  environmental  consciousness  in  the 
1960’s  and  concomitant  widespread  media  coverage,  legal  action 
to  reverse  the  consequences  of  pollution  was  promulgated.  In 
1972,  the  Marine  Protection,  Research,  and  Sanctuaries  Act,  which 
essentially  put  an  end  to  unrestricted  ocean  dumping  of  waste 
materials,  was  passed  by  Congress.  Otherwise  known  as  the  Ocean 
Dumping  Act,  this  legislation  provided  the  regulation,  surveil¬ 
lance,  enforcement,  and  research  necessary  to  encourage  alterna¬ 
tives  to  disposal.  Under  the  Act,  a  permit  system  authorizes  the 
dumping  of  selected  wastes  such  as  dredged  materials,  container¬ 
ized  industrial  wastes,  some  refuse,  sewage  sludge  construc¬ 
tion  and  demolition  debris.  This  system  is  administered  by  the 
Environmental  Protection  Agency,  and  includes  the  responsibility 
for  the  designation  of  specific  sites  and  disposal  procedures 
(2).  Among  the  materials  prohibited  from  disposal  are  chemical, 
biological,  and  radiological  warfare  agents  and  high-level  radio¬ 
active  wastes;  explosives;  and  sewage  sludge. 

Materials  from  oil  or  chemical  spills  are  not  authorized 
to  be  dumped  in  the  oceans.  Unless  debris  soaked  by  oil  or 
floating  hazardous  chemicals  is  properly  encapsulated  and  sunk, 
ocean  dumping  of  such  waste  will  not  meet  EPA  standards.  It  is 
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likely  that  the  high  cost  of  encapsulation  and  subsequent  trans¬ 
fer  to  an  ocean  dump  site  make  ocean  dumping  an  economically 
impractical  alternative  as  an  off-site  disposal  option. 

TREATMENT 

Presently,  there  are  several  options  available  to  the  Coast 
Guard  for  the  off-site  treatment  of  spill  debris.  These  pro¬ 
cesses  can  be  used  to  reduce  waste  volume  and/or  to  alter  the 
form  of  the  spill  mass  to  facilitate  subsequent  ultimate  disposal 
The  following  processes  are  briefly  discussed  below: 

•  Shredding 

•  I  nc i nerat i on 

•  Physical -chemical  treatment 

•  Biological  treatment. 

Shredd  i  ng 

A  shredder  may  be  used  to  reduce  the  size  of  large  objects 
in  the  spill  debris,  and  to  produce  uniform  sized  particles  for 
disposal.  Land  cultivation,  for  instance,  works  optimally  if 
debris  size  does  not  exceed  6  in.  in  diameter.  Fire  hazard  is 
also  reduced  if  materials  are  shredded  and  landfilling  compac¬ 
tion  densities  for  bulky  wastes  are  increased.  Shredder  facili¬ 
ties  are  often  on  location  at  landfilling  sites, and  also  may  be 
used  in  conjunction  with  incinerators.  While  chippers  and  small 
shredders  could  be  included  in  a  debris  disposal  hardware  system, 
use  of  larger  permanent  shredders  off-site  may  be  necessary  to 
process  large  bulky  spill  debris,  especially  if  a  significant 
quantity  of  debris  is  collected. 

I nc i neration 

Incineration  is  the  controlled  process  of  burning  organic 
material  to  reduce  its  volume. 

Incineration  is  often  an  effective  method  for  destroying 
oil  and  hazardous  chemicals  collected  from  spills.  It  completely 
destroys  the  organic  fraction  of  liquid,  solid,  and  gaseous 
wastes  so  that  the  reduced  fraction  of  inorganic  ashes  or  residue 
can  be  disposed  of  more  easily.  Volume  of  solids  are  reduced  up 
to  90  percent. 

Oil  or  chemical  spill  debris  can  be  accepted  at  many  indus¬ 
trial  incinerators,  depending  on  the  specific  chemicals  present 
in  the  debris,  debris  moisture  content,  and  the  incinerator 
design.  Oils  or  hazardous  floating  chemicals  which  have  a  flash 
point  below  50°  and  100°  would  indicate  that  a  substance  is 
potentially  explosive  if  subjected  to  additional  heat.  Thus, 
care  should  be  taken  in  handling  this  substance  at  an  incinerator 
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Combustibility  level  ranges  between  100°F  and  200°F,  and  includes 
those  substances  that  would  be  most  amenable  to  incineration. 

Special  liquid  waste  incinerators  may  be  available  off 
site.  For  debris  with  a  relatively  high  moisture  content,  used 
auxiliary  fuel  would  be  necessary  to  drive  off  water  before  the 
oil  or  chemical  could  be  incinerated.  It  should  also  be  noted 
that  debr i s -con ta i ni ng  seawater,  which  contains  3.5  percent  by 
weight  of  dissolved  salts,  may  present  special  problems  in 
incineration.  Seawater  can  give  off  contaminants  when  decomposed 
through  incineration,  and  the  salt  content  may  induce  corrosion 
and  fluxing  within  the  combustion  chamber  (7). 

Several  types  of  incinerators  applicable  to  the  destruction 
of  oil  and  hazardous  chemicals  from  oil  spills  are  described  in 
Table  G-4.  Municipal  incinerators  are  not  included  in  this  text, 
however,  because  the  following  disadvantages  generally  preclude 
their  use  in  the  destruction  of  debris  and  liquid  from  a  spill. 

t  They  are  not  equipped  to  burn  at  a  temperature  high 
enough  to  destroy  chemicals  having  a  flash  point  above 
certain  temperatures. 

•  The  combustion  temperature  of  oil  is  higher  than  that 

of  domestic  refuse  and  exceeds  the  capability  of  a  muni¬ 
cipal  incinerator  refractory  walls.  (This  problem  can 
be  countered  by  mixing  the  oil  in  small  proportion  to 
the  refuse,  but  the  extra  time  and  cost  may  not  be  jus¬ 
tified  on  an  economic  basis). 

•  They  do  not  usually  incorporate  the  proper  scrubbers 
and  emission  devices  to  control  particulates  given  off 
by  certain  chemical  substances. 

•  Corrosive  elements  in  salt  water  can  attack  incinerator 
surfaces . 

Phy s ical -Chemical  Treatment 

Available  off-site  physi cal -chemical  treatment  facilities 
may  also  be  applicable  for  spill  debris.  There  are  several 
phys i ca 1 -c hemi ca 1  treatment  schemes  that  may  be  used  in  combina¬ 
tion  or  separately  to  achieve  a  desired  result.  Voluminous 
sludges  are  often  produced  by  such  processing,  however,  which 
must  then  be  removed  by  clarifier  or  flotation  units  and  ulti¬ 
mately  brought  to  a  land  disposal  facility. 

Demul sif ication  is  the  initial  unit  in  most  physical- 
chemical  treatment  systems  for  waste  streams  containing  oils. 

It  consists  of  a  contact  tank  which  usually  preceeds  gravity 
separation  unit.  This  system  breaks  up  the  liquid  emulsions, or 
prevents  them  from  forming  by  chemical,  mechanical,  or  electrical 
means . 
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Table  G-4.  ( cont i  fined  ) 


equipment  was  tuilt  by  Industrial  Tank  Environmental  Corporation,  Martinez,  California. 


Gravity  separation  equipment  includes  API  separators,  sim¬ 
ple  tanks  with  skimmers,  and  various  skimming  clarifier  designs 
which  are  effective  in  removing  large  amounts  of  free  oil  from 
contaminated  water.  This  type  of  equipment  will  not  remove  solu¬ 
ble  oil  fractions  and  many  types  of  emulsions,  but  it  is  effi¬ 
cient  in  removing  free  and  some  emulsified  oils. 

Chemical  agents,  including  sulfuric  acid,  alum,  or  ferric 
chloride,  can  also  be  used  for  treatment  purposes.  The  chemical 
agent  is  fed  into  a  flocculation  tank  in  which  a  large  percent¬ 
age  of  pollutant  composition  is  allowed  to  coagulate.  This  com¬ 
ponent.  can  then  be  separated  in  a  sedimentation  basin  and  the 
treated  effluent  is  conveyed  for  additional  treatment. 

Filtration  processes  may  also  be  used  in  conjunction  with 
these  other  treatment  systems.  Although  filters  are  used  today 
for  wastewater  treatment  ,  relatively  few  were  deemed  to  be  use¬ 
ful  for  treating  fluids  from  recovered  spill  masses.  Each  type 
of  filter,  however,  is  represented  by  equipment  which  has  been 
demonstrated  as  effective  in  the  treatment  of  oily  wastes.  Fil¬ 
ters  used  in  waste  treatment  operations  belong  to  the  following 
three  general  categories: 

•  Conventional  filters 

•  Ultra-  and  micro-filters 

•  Reverse  osmosis  systems 

•  Activated  carbon. 

Conventional  filters  are  typically  applied  to  particles  larger 
than  3  to  5  u.  U 1 tra - f i 1 tra t i on  is  applied  to  particles  in  the 
range  between  0.003  and  1  v>  •  Reverse  osmosis  is  capable  of 
extra  ting  some  viruses,  macromolecules,  ions,  and  other  parti¬ 
cles  less  than  0.05  n  in  size.  Activated -car bon  filtration  is 
usually  thought  of  as  a  polishing  process  for  water  that  has 
already  been  treated.  The  carbon  is  used  to  remove  dissolved 
organic  matter  that  remains. 

Biol  o  ij  u  a  I  T  r  e  a  tme  n  t 

Conventional  applications  of  biological  treatment  to  indus¬ 
trial  orqanic  and  hazardous  wastes  include  most  techniques  used 
for  municipal  waste  treatment.  Such  schemes  include  activated 
sludge,  aeration  basins,  trickling  filters,  s tab i 1 i za t i on  ponds, 
.lnd  landspreading. 

Biological  processes  have  limitations  in  their  applicability 
to  oil  and  floating  chemical  removal.  Biological  organisms  are 
efficient  in  oxidizing  soluble  organic  compounds  including  some 
dispersed  or  emulsified  oil.  Large  amounts  of  free  oil  or  floa¬ 
ting  chemicals  must  be  avoided  as  they  coat  the  biological  floes, 
prohibit  efficient  oxygen  transfer  within  the  biomass,  and  reduce 
the  ability  of  the  larger  particles  to  settle  out  of  the  mass. 
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Therefore,  while  biological  treatment  processes  may  be  required 
to  meet  discharge  standards,  care  should  be  taken  to  design 
pretreatment  facilities  capable  of  removing  oil  or  chemicals  to 
concentration  levels  where  biological  treatment  processes  may 
be  effective.  Physical  and  chemical  pretreatment  is  therefore 
often  an  important  predecessor  to  biological  treatment  systems 
where  concentrated  waste  products  are  involved. 

Many  waste  disposal  companies  and  municipalities  use  stabili¬ 
zation  ponds  as  a  secondary  process  for  treating  their  wastes. 
Anaerobic  and/or  aerobic  bacteria  present  within  the  ponds  are 
allowed  to  break  down  the  organic  fraction  of  the  waste.  A 
potential  liability  of  this  system  is  the  possible  leakage  of 
harmful  waste  products  into  the  surrounding  environment.  No 
instances  of  spill  debris  disposal  by  lagooning  have  been  repor¬ 
ted,  although  the  method  has  often  been  used  for  spent  drilling 
muds  and  other  oil  field  wastes. 

All  of  the  treatment  methods  mentioned  above  are  available 
at  off-site  facilities.  These  processes  serve  to  reduce  waste 
volume  and/or  detoxify  the  waste  constituents  in  order  to  improve 
the  ultimate  deposition  of  the  residues.  The  residual  waste  can 
then  be  disposed  of  most  conveniently  by  land  disposal  methods. 

REPROCESSING 

Several  reprocessing  techniques  (see  Figure  G-3)  are  in  use 
by  waste  disposal  contractors  and  rerefiners  for  recovering  oil 
and  hazardous  chemicals.  The  recovered  oil  or  chemicals  may  be 
used  for  its  original  intended  purpose  (if  sufficiently  pure), 
or  for  alternative  purposes  such  as  road  oil,  lower  grade  fuel,  or 
roofing  felt  additives.  Waste  disposal  companies  which  offer 
such  services  are  located  throughout  the  United  States.*  Some  of 
the  reprocessing  techniques  used  by  waste  disposal  companies  are 
described  below. 

Gray ime t r i c/Therma 1 

This  process  consists  of  the  simple  heating  of  the  oil 
mixture  to  180  to  200°F,  at  which  point  steam  is  injected  and 
emulsion-breakers  or  solvents  are  used  to  help  to  separate  the 
constituents.  When  the  steam  is  shut  off,  the  water  and  debris 
naturally  settle  to  the  bottom  of  the  processing  tank,  and  oil 
is  skimmed  off  the  top.  This  oily  water  usually  contains  2  to 
3  percent  water  when  it  is  heated  again  to  a  temperature  of 
250°F  and  filtered.  The  result  is  an  oil  that  can  be  used  for 
heating . 


See  Hazardous  Waste  Management  facilities  in  the  United  States  - 
1977,  U.S.  Env i ronmen ta 1  Protection  Agency,  January  1977. 
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FIGURE  G-  3.  TREATMENT  OPTIONS  USED  BY  WASTE  DISPOSAL  COMPANIES. 


Air  A  g 1  tat i o  n 

Oil/water  separation  can  also  be  achieved  by  shooting  jets 
of  air  through  the  oil/water  mi xture, wh ich  results  In  a  fine 
bubbling  action  that  carries  the  oil  to  the  surface.  Emulsion 
breakers  can  then  be  used  to  break  the  surface  tension  in  the 
water.  If  sulfanate  is  present,  however,  separation  becomes 
difficult. 

Centrifugat  i i  o n 

A  centrifuge  is  used  to  separate  materials  having  different 
densities.  If  the  spill  mass  has  a  high  solids  content,  the 
process  can  be  very  abrasive  to  the  machinery;  however;  the  oil 
must  be  relatively  light.  Denser  oil  is  difficult  to  remove 
from  the  apparatus. 
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